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This report presents the results of s study of spececreft on-orblt 


anoaalles end llfetiaes. The basic source of inforaatlon is an update of a 
data bank of on-orbit spacecraft reliability data coapiled by Planning Researoh 
Corporation (PRC) for the National Aeronautics and Space Adninistration and the 
Navy Space Systems Activity in a series of short tern contracts starting in 
1966. The update covers spacecraft operating since 1977 under the cognizance 
of the Goddard Space Flight Center and the Jet Propulsion Laboratory. 

Emphasis in this study is on individual spacecraft and their postlaunch 
performance degradation over time as a function of component failures and 
other incidents of anomalous behavior. By contrast, earlier studies in this 
series concentrated on compiling reliability statistics for hardware elements 
across spacecraft. 

The NASA Technical Monitor for this study was Mr. Edward Shockey 
of the Goddard Space Flight Center, Code 302. The work was performed during 
the period June 1982 through January 1983, under NASA Contract NAS 5-27279. 

The authors of this report are Charles E. Boomqulst and 
Winifred C. Graham. Other members of the PRC study team were Patricia Alverson 
and Vera Little. Library assistance was provided by Wendy Christensen and 
report production support by Brenda Healy. 
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ABSTRACT 


Analyses of the oo-«rblt perfornsnce of forty-four unnsnned 
NASA spacecraft operating In the past five years (1977-1982) are presented. 
Included are detailed descriptions and classifications of over 600 
anooalles - each anomalous incident represents one reported deviation 
from expected spacecraft performance. Charts depicting satellite life- 
times and the performance of their major subsystems are Included. 
Engineering analyses to further investigate the kinds and frequencies 
of various classes of anomalies have been conducted. An Improved method 
for charting spacecraft capabilty as a function of time on orbit Is 
explored. 
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I. INTRODUCTION 


This study hss sxsnlnsd the orbital perforaance records of 
forty-four unaanned spacecraft under the cognisance of the Goddard Space 
Flight Center and the Jet Propulsion Laboratory. Particular attention 
has been given to each recorded incident of anoaalous behavior. These 
Incidents, referred to herein as anoaalles, range froa aoaentary "glitches" 
In otherwise noraal spacecraft operation to coaplete spacecraft failure. 

The basic data have been collected, reduced, analyzed and reported in 
foraats consistent with those In the existing data bank, developed by 
Planning Research Corporation (PRC). There earlier data were collected on 
330 spacecraft under several discrete contracts awarded to PRC between 
1966 and 1979. 


A. Study Objectives and Scope 

One of NASA's prlasry concerns Is to laprove the perforaance 
of Its spacecraft, both aanned and unaanned. For uniaanned spacecraft, 
longevity Is a key paraaeter. Generic approaches to laproving longevity 
are of continuing Interest to NASA; the search for such approaches Is the 
aotlvatlon for this study. There are two study objectives. The first Is 
to establish a current data base of on-orblt spacecraft anooMlles and per- 
foraance suaaarles following previous PRC work in this area but extending 
It soaewhat to support the second study objective. The second objective 
Is to develop a aethod for quantifying spacecraft perforaance at a function 
of tlae on orbit which extends and laproves upon an existing aethodology, 
previously developed by PRC and applied to other spacecraft In the data bank. 



AugMntatlon of th« data baaa la lialtad to apacacraft launched 


under the auapieea of the Goddard Space Plight Center (GSFC) or the Jet 

Propulalon Laboratory (JPL) and which have been operational alnea the laat 

general update of the apace data bank In 1977-1978. | 

! 

i i 

i 

B. Background 

The flrat IS referencea at the end of this report trace the 


conplllatlon and utlllaatlon of the PRC di.ta bank. Reference 1 waa the 1 

reault of an initial study undertaken In 1966 to respond to the need for 
I more accurate and detailed spacecraft reliability data than were available 

In the aid-sixties. On-orblt data froa 225 spacecraft were coapiled and 
analyzed. The resultant report was well received and widely distributed. 

i 

Subsequently, several specific analyses of these data were conducted and ! 

f j 

reported on (see References 2-6). Reference 7 was an extensive update of 3 

! i 

I Reference 1; the site of the data base essentially doubled. Reference 9 

added still aore data resulting froa a aodest collection effort in 1972. ^ 

References 8 and )0 through 14 reported on various special-purpose analyses 
of the data bank. Reference 15 reported on another coaprehenslve update 

-j 

and consolidation of the data bank conducted in 1978. At the conclualon 
of that study, the PRC data bank included on-orblt perforaance data on 
soae 350 different spacecraft. All basic apacacraft data collected froa 
the beginning of these efforts were included in the Reference 15 study 
report. Reference 16 analyzed and interpreted orbital reliability data 
for U.S. astaorological satellites In the data bank. 

1 
J 



Qrganliation of the Report 

Section II briefly describee the dete bees end the updeting of 
it for purposes of this study. It Includes e description of collection 
end reduction procedures end baseline dete on ell spaceereft Included In 
the update. Section III classifies the anoealy data. First, the categories 
established In the earlier efforts ere utilised. They are reported 
separately for purposea of consistency. Then, added classifications 
developed specifically for this study are applied and reported. Section 
IV presents performance summaries by spacecraft and by major subsystems. 

It also provides engineering analyses of the anomaly data regarding 
trends, persistent problem areas, test-related anomalies and other areas 
of interest. Section V treats the question of measuring on-orblt space- 
craft capability over time. It Includes consideration of the effect of 
anomalies on (1) the basic spacecraft. (2) Its scientific or applications 
payload, and (3) its overall mission objectives. A methodology for 
possible future application Is suggested. Three appendices provide (1) 
an Indication of the adequacy of the data base coverage for this update, 

(2) basic snomaly data tabulations including anomaly codes for purposes 

of classification, and (3) detailed spacecraft and subsystem performance 
summaries In graphical form. 



II. DATA BASE 


This report documents a continuing examination of spacecraft 
on-orbit reliability that PRC began In 1966. Four earlier studies collected 
and analysed data on 350 spacecraft from 52 space programs. Results from 
these four studies are integrated and reported In Reference 15. 

This present study is a contractually limited update to Reference 
15. It covers only GSFC and JPL spacecraft which were operational between 
1977 and 1982. Several of the analyses Integral to the earlier studies are 
missing here, notably those relating to failure rates and probabilities of 
failure during launch. Furthermore, no systematic effort has been devoted 
to reporting the totality of the earlier data here or to relating the 
earlier study results to those found In this update. Selected comparisons 
have been made, but If the reader is Interested in the entire collection of 
data and information contained in the PRC space data bank it is necessary to 
have both Reference 15 and this report. 


A. General 

In addition to the published reports, an unpublished file of engineering 
analysis reprrts (EARs) are maintained for each spacecraft in the data base. 

The ERAS are maintained at NASA and at PRC.^^^ 

The EARS are the basic data collection. They contain: 
e General descriptive and operational data on each spacecraft, 
e A detailed breakdown of the spacecraft assemblies, components, 
and piece parts. 


NASA contact Is Edward Shockey, GSFC Code 302, Telephone (301) 

344-5628. The PRC contact is Charles Bloomqulst, PRC Systems Services, 
10960 Vilshire Boulevsrd, Suite 2320, Los Angeles, California 90024. 
Telephone (213) 477-8278. 

^ PRECEDING PAGE BLANK NOT FILMED 


• Operating (and dormant) time accumulated by each hardware 
element. 

• Descriptions of all anomalies and failures recorded against 
the spacecraft, together with information on the known or 
probable causes of many anomalies. 

e Backgrotmd Information regarding manufacture, test, and launch. 

The Information contained In each EAR, as summarized above. Is 
organized into three categories, namely, (1) general information, (2) reliability 
data, and (3) development and prelaunch infonoatlon. General Information include 
launch data, launch vehicle, launch site. Intended mission, orbital parameters, 
spacecraft description, and a general performance assessment over the time 
period covered by the data bank. 

The reliability data elements, to the extent possible, break the 
spacecraft down Into Its major components (receivers, tape recorders, digital 
decoders, etc.), accumulate the survival hours In space for each (including 
length of time on standby and number of times cycled), give In a further 
breakdown the piece parts In each component, and finally, provide a rather 
detailed description of each anomaly recorded during the mission. 

Development and prelaunch inrormation includes, as available, 
the prelaunch test and checkout routines and experience, and brief 
descriptions of developmental testing, part selection procedures, and 
quality assurance provisions. 

The subject study Is an exception in that it correlates specific 
anomalies with particular spacecraft; previously published reports an^ 
papers do not. This correlation is always possible, however, by returning 
to the EARS . 
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The same data collection and reduction procedures and reporting 
formats are used In each study, including the current one. This uniformity 
allows ready combination of the data herein with any or all of the previous 
data sets. 

B. Update For This Study 

Exhibit 1 depicts the five on-orbit reliability studies. Including 
the current one, in terms of the programs and numbers of spacecraft considered. 
This update includes 44 spacecraft from 19 programs. Nineteen of these 
spacecraft were covered In the previous study and continued to operate Into 
this study period. As mentioned previously, access to the total data base 
(62 programs, 375 spacecraft) requires both this document and Reference 15 
since previous data are not, for the most part, repeated here. 

As In the previous studies, the basic data sources were the 
Product Assurance Divisions at the NASA Centers (GSFC and JPL in this 
study), cognizant spacecraft program offices, and open literature.^ Of 
particular help in this update were the Mission Operations Managers for the 
various Goddard programs. 

The two major types of data sought for this study, as In earlier 
studies, are: (1) an engineering report of the final design of the space- 
craft, and (2) a flight analysis for Individual spacecraft from which 
operating histories and all known anomalous behaviors can be obtained. 

From this Information Engineering Analysis Reports (EARs) are generated for 
each spacecraft. Tne EAR is tailored to provide the information content 
required to meet the study objectives and provides a uniform base for each 
spacecraft of the study. 

^The EARS contain a complete list of references used, by spacecraft. The 
number of citations for this update Is In excess of 250. 
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EXHIBIT 1 - CUMULATIVE DATA SAMPLE 
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U) Includes update (3) of spacecraft analyzed In previous data bank studies, 
( 2 ) Vlklnt( ProKrasi Includes 2 Orblters an<l 2 !,anders. 


r 


In the EARS the treataent of standby and redundant units la con- 
sistent for all data sanples and eaphasizcs the utilization of only known 
values. Operational hours in the EAR* were recorded as '’powered" and 
"unpowered" where such infomation was kno%m. For nuch of the equipnent, 
however, the infomation available only indicates that at a given time 
the equlpa«nt was known to be operational. For this reason the noainal 
unit of B«asure in this report is survival tine. 

The authors believe that the crux of studies of this nature is 
the provision of a large amount of data in a readily usable fom. For 
this reason, as well as the fact that the infomation froa the documentation 
does not warrant application of highly sophisticated techniques, the methods 
of analysis are simple and straightforward. 

Classification and sumnarizatlon. using simple, readable tables, are 
the prlsuirv presentation techniques. In general, statistical inferences are 
not drawn from these efforts. Conclusions have been drawn %rhere appropriate, 
but the emphasis is placed on presenting data in such a fora that readers 
Buiy easily draw their own conclusions in areas of their special Interest. 

Documentation for the spacecraft in this study was generally of 
sufficient detail and of high quality. Appendix A indicates the quality 
of data bank coverage for each spacecraft in the update as a function of 
the four major tables in the Engineering Analysis Reports. 

C . Baseline Data 

Exhibit 2 provides a complete list of spacecraft in the update, 
together with several key data elements. Tlje first four Items, space- 
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CXHIIIT 2 - SPACCCfUFT BASELINE DATA (Continued) 
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ORIGINAL PAQB IS 
OF POOR QUALITY 


VOYAGER- 1, -2 
VIKING ORBITER-1, -2 


ATS-6 

VIKING LANDER- 1, -2 
NIMBUS-7 

NIMBUS-6 


NIMBUS-5 


LANDSAT-4 


- LANDSAT-2 , -3 
NOAA-6, -7, TIROS-N 


lUE 


NIMBUS-4 


SMM 

MAGSAT 



-3, SMS-1 


, ISEE-2 


EXHIBIT 3 - RELATIVE SPACECRAFT COMPLEXITY 



III. ANOMALY CLASSIFICATIONS 


Because of the large number of anomalous incidents In this sample 
(and in previous samples) classification and sunnarlzatlon procedures are 
mandatory to extract readily useable information. From the relevant spacecraft 
EARS, a summary of each anomalous incident in this sample has been prepared. 
The summary is found in Appendix B— 1 in the same format as the corresponding 
data for the earlier comprehensive studies. Appendix B-1 lists, by space- 
craft, every anomalous incident recorded in the EARs subsequent to a 
successful launch. Each anomalous incident contains the following information 

1. An anomaly index relating the Incident, unambiguously, 
to the information in the EAR. 

2. Time the Incident occurred. An entry of e indicates that the 
Incident occurred between the end of countdown and the estab- 
lishment of the initial orbit. An entry of indicates that 
the anomaly cannot be pinpointed in time since it was 
intermittent, gradual, or jmknown. All other entries are in 
hours. 

3. Three short statements giving a description of the incident, 
its cause, and its effect on the mission as a whole. 

4. Any known corrective action taken to prevent occurrence of the 
Incident on future flights or to obviate its effect on the 
flight under consideration. 

5. Other clarifying remarks required to put the incident in the 
proper context. 
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In addition to this suiniiaTlzation» two kinds of anomaly 
classifications were accomplished: (1) compilations by the 
classification codes used in all previous studies (the standard approach), 
and (2) compilations by a set of additional classification codes designed 
to more fully describe the characteristics of the observed anomalies. 
Complete conpilatlons are presented in Appendices B-2 and B-3, respectively, 
in the same order and using the same anomaly index as the summaries of 
Appendix B-1. The two sets of classifications and their results are 
discussed in the following subsections. 



A. The Standard Approach 

In the standard approach, there are nine characteristics for which 
each anomalous incident is coded. Some of the information needed to select 
a particular code for a given entry may occur only in the EAR so that, in 
a sense, Che classification codes carry more information than that provided 
in the entries of Appendix B-1. The complete standard approach coding of 
each entry is given in Appendix B-2. Unsuccessful launches are not Included 
in these appendices. 

Exhibit 4 defines the categories and codes for eight of the 
classifications used. The ninth classification, Subsystem Function is 
defined in Subsection III. A. 8 below. Definitions of the terms, the results of 
classifying the 606^ anomalies of this study and the 2,096^ anomalies of 
Reference 15 are given in the following subsections. 


These totals do not Include unsuccessful launches. 
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EXHIBIT 4 



V. 


- ANOMALOUS INCIDENT CLASSIFICATION CODES, STANDAKD APPROACH 


Mission Subset 


c. 

Power Supply 

U. Unsuccessful Launch 


d. 

Attitude Control and 
Stabilization 

S. Spacecraft with No 




Anomalies Reported 


d« 

Propulsion 

Spacecraft with 
Anomalies Reported 


e. 

Environmental Control 



f. 

Structure 

Mission Term 


g- 

Payload (Experimental 

L. Long Term 



and Scientific) 

S. Short Term 


h. 

Unknown 

Mission Phase 

VI. 

A. 

Incident Type 

L. Launch and Acquisition 


E. 

Electrical 



0. Orbital (Steady-State) 


M. 

Mechanical 

Q. Unknown 


0. 

Other 



u. 

Unknown 

Mission Effect 




1. Negligible 

VI. 

B. 

Incident Type 

2. Non-Negliglble but Small 


C. 

Catastrophic Part 
Failure 

3. 1/3 to 2/3 Mission Loss 


0. 

Other Part-Related 

A. 2/3 to Nearly Total 



Incident 

Mission Loss 
5. Essentially Total 


N. 

Non-Part-Related 

Incident 

Mission Loss 


U. 

Unkno%m 

U. Unknown 





VII. 

Incident Cause 

Spacecraft Subsystem 


A. 

Assignable 

a. Timing, Control and 
Command 


N. 

Non-Asslgnable 

b. Telemetry and Data 


U. 

Unkno%m 

Handling 
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Roman numcralt following the paragraph haadinga rafar to tha 
Roman numarala In Exhibit 4. 

1. Mission Subset (I) 

This coda simply Identlflas tha unauccassful 
launches (U) and those spacecraft for which there are no reported anom- 
alies (S). 

For this study, one of the 44 spacecraft launches (NUAA-B) was unsuc- 
cessful; there were no spacecraft that experienced zero anomalies. The 
breakdown by number of spacecraft and percentage is as follows: 


Number Percent 


Mission Subset 

This Study 

Reference 15 

This Study 

Reference 15 

U. Unsuccessful 
Launch 

1 

43 

2.3 

12.3 

S. Spacecraft With 
No Anomalies 
Reported 

0 

40 

0 

11.4 

Spacecraft with 
Anomalies Reported 

43 

267 

97.7 

76.3 


2. Mission Term (II) 

The code Identifies long-term (L) or short-term 
(S) missions. If a mission Is anticipated to be longer than 60 days It 
la classified long-term. All spacecraft in this data sample are long- 
term missions. 
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The breakdown, by number of anomalies and percentages. Is as 


follows : 


Number 

Percent 

This Study Reference 15 

This Study Reference 15 


Mission Term 




L. Long Term 606 

1,695 

100 

80.9 

S. Short Term 0 

401 

0 

19.1 


3, Mission Phase (III) 

A spacecraft mission can be thought of as consist- 
ing of two distinct phases: launch and acquisition (L) and the orbital or 

steady-state phase (0). An anomaly occurring during launch and acquisition 
is classified L; if it occurs during steady-state operation it is classi- 
fied 0. A third category, Q, is provided for those instances where the 
dichotomy cannot be made due to insufficient information. "Hie distinction 
is made on the best judgment available based on the engineering analysis 
reports. Generally, those incidents indicating an e , or very few hours 
of elapsed tine at occurrence, are classified as L, all others as 0. 

The breakdown of anomalies occurring in each category and the 
associated percentages is as follows: 


Number Percent 


Mission Phase 

This Study 

Reference 15 

This Study 

Reference 15 

L. Launch and 
Acquisition 

61 

480 

10.1 

22.9 

0. Orbital 

(Steady-State) 

545 

1,608 

89.9 

76.7 

Q. Unknown 

0 

8 

0 

0.4 
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4. 


Mission Effect (IV) 


The five groups included in this clsssificetion 
indicste the severity of the aaomelous incident in terms of its effect 
tb< ««.ll .iMlon bad It occarrad in laolatlon. Tba daftnltlon of aach 
elaaa 1. 2, 3. 4. and 5 abould ba aalf-avldant fron tba clasalf Icatlnn 
naaaa .Ivan In Exhibit 4 . Tboa. In IV of tba tablaa In Appandlx B-2 

all incidant, codad I bava aasantlally nagllgibla affact on nl.alon par- 
fonuncai thoaa codad 5 ara aasantlally cataattophlc to tba nlaslon. Tba 
coda 0 indlcataa thara waa Inaufflclant Information on which to aaalgn a 


mission ^affect code* 


The breakdown of 
is as follows: 

these groups, by number 
Number 

and percent of anomalies » 
Percent 

Mission Effect 

This Study 

Reference 15 This Study 

Reference 15 

1. Negligible 

447 

1,330 

73.8 

63.4 

2. Non-Negligible 
but Snail 

117 

579 

19.3 

27.6 

3. 1/3 to 2/3 

Mission Loss 

32 

9S 

5.3 

4.7 

4. 2/3 to Nearly 

Total Mission Loss 

5 

20 

0.8 

0.9 

5. Essentially 

Total Mission Loss 

4 

44 

0.7 

2.1 

U . Unknoim 

1 

25 

0.2 

1.2 


5. Spacecraft Subsystem (V) 

Each snomslous incident is coded sccording to which 


of eight major spacecraft subsystems is most closely related to the Incident 


An unknown cnttgory !• included for those esses idiere s relstionehip docs 
not exist or cannot he dctemlned from the available Infoma^ion. The 
subsystsns used for this classification arc scant to define broad func'- 
tional operations found to one extent or another in all spacecraft. The 
functional definition for subsystens was chosen rather than a definition 
based on hardware for two reasons. First, subsysten definitions vsry 
anottg organizations and jaong progran offices of the sane organization. 

The data analysis requires a grouping that can be applied to all spacecraft 
of the collective data sanple. The second and sore Inportant reason for 
using a functional definition is that, in the predesign stages of fu'-ure 
prograns, the progran nanagenent will know what functions the planned 
spacecraft is expected to perfom with sore certainty than the actual 
hardware configuration that will be used to perfom the desired functions. 
The conparisoos at the subsysten level as defined in this report would be 
useful in the predesign phase of progran developnent. For cxanple, one 
would be interested to know, based on past experience of other prograns, 
with what certainty a spacecraft would deploy its structural elcnents 
(structure subsysten) or supply power to the other planned functions (power 
supply subsysten). In the later stages of developnent of a projected pro- 
gran, when nore is known about the hardware configuration, the interest 
ffould shift to the equipnent group/conponent level of snalysis which is 
hardware oriented. 

The following list defines the subsystens and indicates the types 
of equipnent that are considered to be a part of each subsysten. 
a. lining. Control and Connand 

Connand receivers, decoders, tiners, prograaners, 
sequencers, connand distribution equipnent 
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b. Tel— try mod P«ta Handling 

Encodcra, D/A canvartara, A/D conyartara* tape 
racordara* aignal condltlonara* talaMtry trana> 
alttara, tracking tranaaittara , antamiaa 

c. Power 

Eatterlaa* aolar arraya» fuel calla, comrartara, 
invartara, ragulatora, protactiva daylcaa* charge 
ragulatora 

d. Attitude Control and Stablliaatlon 

GyroOt apln control, ■agnetoaetara, aun aapact Ic- 
dlcatora, eddy currant daapara, horison acannara, 
atAT trackera, dynamic control 
d* Propulsion 

Coding thia aubsyatea with a d* Indlcatea that the 
propulsion aubsystea conaidcred here ia aora cloacly 
related to the attitude control aubayatea of the 
apacecraft than to the launch yehicle. Included 
are hydrazine thruatera, tanka, valves, etc. 

e. Envlronaental Control 

Both passive and active tharaal control devices, 
life support aystcaa, etc. 

f . Structure 

Basic structure, booas, aolar paddles, acparation. 

g. Payload (Experiaental and Scientific) 

Uida~band coaaunications (for apacecraft where this 
aquipaant was considered experiaental), alcrowava 
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equipaent (cavitlcc, TVTs, etc., floiro for assMS- 
sent purposes), university experiaents, particle 
detectors, aass spectroaeters, plasaa analyzers. 
Infrared radloaeters, ultraviolet radloaeters. 

Although It Is felt that these groupings are essentially self- 
explanatory, checking a few of the codes In Appendix B-2 with their cor> 
responding entries in Appendix B-1 should dispel confusion. This pro- 
cedure Is applicable to aost of the other classifications as well. 

The breakdotm, in teras of nuaber of anoaalies and their associ- 
ated percentages, to each of the subsystea categories is as follows: 


Nus>ber Percent 


Spacecraft Subsysten 

This Study 

Reference 15 

This Study 

Refernece 15 

a. Timing, Control 
and CooBund 

55 

290 

9.1 

13.8 

b. Teleaetry and 
Data Handling 

116 

599 

19.1 

28.6 

c. Power Supply 

56 

199 

9.2 

9.5 

d. Attitude Control and 
Stabilization 

123 

287 

20.3 

13.7 

d* Propulsion 

26 

62 

4.3 

2.9 

e. Environmental 
Control 

16 

36 

2.6 

1.7 

f. Structure 

6 

47 

1.0 

2.2 

g. Payload 

(Experimental and 
Scientific) 

208 

540 

34.3 

25.8 

h. Unknown 

0 

36 

0 

1.7 
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6 . Incident Type (VI) 

a. Incident Type (VI. A) 


This claeslfleetlOB places an aaoMly In 
one of four autually exclusive groups: electrical (E)» aechanlcal (M), 

other (0) , and unknown (0) . Those entries In Appendix B coded with an E 
In the VI. A coluam Indicate that anoaalous behavior is exhibited by elec- 
trical or electronic parts, coaponents, subsystems* or functions. Those 
anoaalles coded M are similarly defined for aechanlcal parts* coaponents* 
subsystems . or functions. An 0 Indicates behavior of equlpaent that cannot 
be classified electrical or aechanlcal: propellant degradation* for exam- 

ple, A U Indicates Insufficient Information to assign the entry to any 
of the other three categories. 

The breakdown of anoaalles and percentages In this classification 
group is as follows: 


Ntmiber Percent 



This Study 

Reference 15 

This Study 

Reference 

Incident Type 





E. Electrical 

329 

1,538 

54.3 

73.4 

M. Mechanical 

64 

192 

10.6 

9.2 

0. Other 

197 

158 

32.5 

7.5 

U. Unknown 

16 

208 

2.6 

9.9 


b. Incident Type (VI. B) 

The classification of coluan VI. B In Appendix B 

attaapts to divide Incidents Into those that arc part related and those 
mre non-part related. A code of C Indicates those Incidents arising 
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froa a catastrophic part failure.^ Aa 0 lodicataa that the anoBaloua incl- 
dant la rolatad to behavior of a part (or parte) that has not failed cat- 
astrophically (degradedf interaittent , etc.)* An N Indicates an anomalous 
Incident not related to any part aisbehavior. A U indicates that insuf- 
ficient inforaation exists to determine whether part behavior was involved 
or not. 

The breakdown by nuaber and percentage of anomalies for these cate- 
gories is as follows: 


Number Percentage 



This Study 

Reference 15 

This Study 

Reference 15 

Incident Type 





C. Catastrophic 
Part Failure 

21 

225 

3.5 

10.7 

0. Other Part- 
Related 
Incident 

52 

242 

8.6 

11.5 

N. Non-Part- 
Relatcd 
Incident 

277 

727 

45.7 

34.7 

U . Unknown 

256 

902 

42.2 

43.0 


7. Incident Cause (VII) 

Three broad groups are defined for incident cause 

in column VII of the tables in Appendix B: assignable causes (A), non- 

assignablc causes (N), end unknown (U) . 

An assignable cause is attributed to an anoaalous incident if the 
incident could have been prevented by teking some action well within the 


^he term "catastrophic" here is defined to aean "catastrophic" to the 
part and not necessarily to the larger component system. Typical types of 
catastrophic part failures include a transistor or diode shorting for no 
known reason. This definition is consistent with that used in the negstlve 
exponential distribution for aodelllng failure probability. 
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•tat«*of«th«>art prior to launch. If tho incidont could not hnvn boon 
provontod In this unnor» it io cloooifiod nonoooigBOblo (M). If Inouf- 
ficiont inforaotion oxioto to aoko o Judgaont* tho onoaoly to cloooifiod 
unknovn (U). 

Tho breakdown for thooo cotogorioo ia ao follows: 


Nuaber 

Percent 

This Study Reference 15 

This Study Reference 15 


Incident Cause 





A. Assignable 

251 

732 

41.4 

34.9 

N. Non-Assignable 

83 

264 

13.7 

12.6 

U. Unknown 

272 

1.100 

44.9 

52.5 

Further discussion of 

the assignable 

cause category 

is given 

in Subsection 


III.B, below. 

8. Subsystem Function (VIII) 

Thio claoolficotlon is a secondary breakdown of 

spacecraft eubeystem . 

The assignaent of anoaalies to the subsystems (character- 
istic V) is helpful in narrowing down the functional aspects of spacecraft 
which are the most troublesoae. A further step in this direction is Justi- 
fied to isolate more precisely the location of anoaalous Incidents. To 
do this a nuaber of subfunctions (characteristic VIII) are defined for 
each previously defined spececraft subsyatea. The subfunctions for each 
aubsystea are defined so that they ere nutually exclusive and axhaustive, 
i.e., they do not overlap and they do cover the entire subsyatea. In deter- 
mining the quantities of the aubf unctions and their associated anoaalies. only 
data that specifically identifies the aubfunctlon ie considered. For instance. 
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d*t* clearly Involve e coMend decoding subfunction » Chen en esslgn~ 
■•“t f* ■•de to that category. Each enoaelouo incident carries, therefore, 
two codes relating the incident to functional location within the spacecraft. 
The subsysteas, subfunctions, and codes used for each arc tabulated in 
Exhibits 5 and 6. Exhibit 5 gives Che total nuaber of functions in this 
saaple, the total nuaber of anoaalles observed, and the anoaalles per function 
for this study. Exhibit 6 presents the saae inforaatlon for data previously 
available In the PRC data bank and reported In Reference 15. 



29 




i 


EXHIBIT 5 - DETAILED CLASSIFICATION OF ANOMALOUS INCIIXNTS BY SPACECRAFT 
SUBSYSTEM AMD FUNCTION* THIS STUDY 


Sub»y»f m Function 


Nuabcr of 
Functions 
In Ssnpls 


Nuabcr of 
Reported 
Anoaellcs 
by Function 


Anoaellcs 
^r Function 


TIMING, CONTROL. 


AND 

COMMAND 

43 


55 


1.28 


1. 

Receiving 


43 


21 


0.49 

2. 

Decoding 


43 


3 


0.07 

3. 

Coaaand Distribution 


25 


17 


0.68 

4. 

Sequencing and 
Progrannlng 


27 


5 


0.19 

5. 

Tlalng 


28 


9 


0.32 

6 . 

Manual Control 




• 



7. 

Unknown 







8. 

Unassignable 


- 


- 


- 

TELEMETRY AND 







DATA HANDLING 

43 


116 


2.70 


1. 

Data Point Sensing 
and Monitoring 


43 


13 


0.30 

2. 

Signal Conditioning 


8 


1 


0.12 

3. 

Encoding, Fonsattlng 


43 


2 


0.05 

4. 

Data Storage 


27 


43 


1.59 

5. 

Transalsslon 


43 


56 


1.30 

6. 

Unknown 






• 

7. 

Unassignable 


- 


- 


- 

POWER 

43 


56 


1.30 


1. 

Conversion 


43 


4 


0.09 

2. 

Storage 


41 


3 


0.07 

3. 

Power Control 


42 


45 


1.07 

4. 

Power Distribution 


17 


2 


0.12 

5. 

Unknown 


— 


2 


- 

6 . 

Unassignable 


- 


- 


- 

ATTITUDE CONTROL 







AND 

STABILIZATION 

40 


123 


3.08 


1. 

Orientation Sensing 


40 


90 


2.25 

2. 

Active Attitude 
Correction 


22 


19 


0.86 
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EXHIBIT 5 - (Continued) 


Nuaber of 
Functions 


Number of 
Reported 
Anonellcs 
Function 


Anomelles 



3. Festive Steblllsetlon 


8 


3 


0.38 


4. Unknown 


- 


1 


• 


5. Unassignable 


- 


10 


* 

d*. 

PROPULSION 

37 


26 


0.70 



1. Navigation 


4 


4 


1.00 


2. Propulsion 


33 


22 


0 .0/ 


3. Unknown 


— 






4. Unassignable 




■ 



e. 

ENVIRONMENTAL CONTROL 

43 


16 


0.37 



1. Active Thermal Control 


23 


15 


0.65 


2. Life Support 


- 


— 


• 


3. Unknown 


- 


— 


* 


4. Unassignable 


— 


1 



f. 

STRUCTURE 

43 


6 


0.14 



1. Basic Structure 


43 


5 


0.12 


2. Deployable Structure 


33 


1 


0.03 


3. Separation 


43 


0 


0.00 


4 . Unknown 


- 


— 




5. Unassignable 


- 





g- 

PAYLOADS 

256 


208 


0.81 



1. Scientific 


230 


205 


0.89 


2. Technical 


26 


1 


0.04 


3 . Unknown 


- 


1 




4. Unassignable 


- 


1 



h. 

UNKNOWN 

- 


- 


- 
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EXHIBIT 6 - DETAILED CLASSIFICATION OF ANOMALOUS INCIDENTS BY SPACECRAFT 
SUBSYSTEM AND FUNCTION, REFERENCE 15 


Subsyaten Function 

Number of 
Functions 
in Sample 

Nuaber of 
Reported 
Anoaalles 
by Function 

Anomalies 
per Function 

a. TIMINGj CONTROL, 






AND 

COMMAND 

265 


290 

1.09 


1. 

Receiving 


261 

103 


0.39 

2. 

Decoding 


251 

23 


0.092 

3. 

Connand Distribution 


72 

30 


0.42 

4. 

Sequencing and 







Programing 


188 

63 


0.33 

5. 

Tiaing 


133 

30 


0.22 

6. 

Manual Control 


11 

—— 


•• 

7. 

Unknown 


— 

29 


— — 

8. 

Unassignable 



12 



b. TELEMETRY AND 






DATA HANDLING 

277 


601 

2.17 



1. Data Point Sensing 



and Monitoring 


164 


206 


1.26 

2. 

Signal Conditioning 


46 


3 


0.065 

3. 

Encoding, Formatting 


264 


63 


0.24 

4. 

Data Storage 


126 


151 


1.20 

5. 

Transmission 


270 


151 


0.56 

6. 

Unknown 


— 


14 



7. 

Unassignable 




12 



POWER 

282 


199 


0.70 


1. 

Conversion 


175 


40 


0.23 

2. 

Storage 


271 


77 


0.28 

3. 

Power Control 


247 


50 


0.20 

4. 

Power Distribution 


179 


12 


0.067 

5. 

Unknown 


— 


18 



6. 

Unassignable 




2 


"" 

ATTITUDE CONTROL 







AND STABILIZATION 

244 


285 


1.17 


1. 

Orientation Sensing 


226 


131 


0.58 

2. 

Active Attitude 








Correction 


209 


250 


1.20 
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EXHIBIT 6 - (Continued) 



Subnyatem Function 

Nu^er of 
Functions 
In Sample 

Number of 
Reported 
Anomalies 
by Function 

Anomalies 
per Function 


3. Passive Stabilisation 


69 


11 


0.16 


4 . Unknown 


— 


16 


— 


5 . Unassignable 




8 



d*. 

PROPULSION 

121 


62 


0.51 



1. Navigation 


108 


11 


0.10 


2. Prop'ilslon 


121 


37 


0.30 


3 . Unknown 


— 


4 


— 


4. Unassignable 


— 


10 



e. 

ENVIRONMENTAL CONTROL 

80 


36 


0.45 



1 . Active Thermal Control 


63 


24 


0.38 


2. Life Support 


12 


13 


1.08 


3. Unknown 




2 


— 


4. Unassignable 




5 



f. 

STRUCTURE 

272 


47 


0.17 



1. Basic Structure 


267 


2 


0.0075 


2. Deployable Structure 


89 


33 


0.37 


3. Separation 


256 


11 


0.043 


4 . Unknosm 


— 


1 


•• 


S. Unassignable 






•• 

g- 

PAYLOADS 

809 


544 


0.67 



1. Scientific 


711 


423 


0.59 


2. Technical 


98 


120 


1.22 


3. Unknown 


— 


1 


— 


4. Unassignable 







h. 

UNKNOWN 

— 


36 


— 
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B. Additional Categories 

For this study several additional ways of treating the basic 
anomaly data were considered. These Included additional treatment of 
anomaly causes, anomaly type, history, test background, level of space- 
craft breakdown giving rise to the anomaly, the heritage of anomalous 
hardware, etc. Many of these considerations are reflected qualitatively In 
the engineering analysis of Section IV. B. Quantitatively, four characteristics 
were found to have sufficient information to provide additional useful 
categorization. These are cause, type, testability, and source. Exhibit 7 
defines the categories and codes for these additional classifications. 

It also provides the number and percentage of the 606 anomalies assigned 
% 

to each category. Definitions of the terms and notes on classifying the 
606 anomalies of this study are given in the following subsections. 

Roman numerals following the paragraph headings refer to the Roman 
numerals in Exhibit 7. A complete tabulation of these codes, by anomaly. 

Is given ill Appendl.t B-2. 

1 . Anomaly Cause (X) 

Anomaly cause is treated in the standard approach but only 
to the extent of determining if the anomaly has an assignable cause or 
not . While the previous studies In this series further analyzed 
the anomalies with assignable causes , no formal coding was reported. This 
categorization remedies that situation and also defines a new set of "causes' 
more in keeping with recent data. The first three categories all represent 
design problems. The first. Space Environment, Is Invoked when the design 
provides an Inadequate response to the environmental stresses of space. 


34 




i 


i 


t 


EXHIBIT 7 - ANOHALOUS INCIDENT CLASSIFICATION CODES, ADDED CHAHACTERISTICS 


X. Anomaly C»u>c 

a. Space Envirotaaent 

b. On-Board Software 

c. Design, Other 

d. Quality Control Aforkmanshlp 

e . Contamlnat ion 

f. Catastrophic Part Failure 

g. Catastrophic Circuit Failure 

h. Catastrophic Component Failure 

1 Catastrophic Black Box Failure 

J Unknown 

TOTAL 

XI. Anomaly Type 

S. Systematic 

W. Wearout/Aglng/Depletlon 

C. Chance 

G. Glitch 

U. Unknown 

TOTAL 

XII. Testability 

Y. Yes 

N. No 

M. Maybe 

U. Unknown 

TOTAL 

XIII. Source 

1 . Part 

2. Circuit /Subassembly 

3 . Component 

4. Black Box 

5 . Subsystem/Incerf ace 

6. Interaction 

7 . Unknown 

TOTAL 


\ 

! 


NuB^er 

Percent 

56 

9.2 

21 

3.5 

90 

14.9 

25 

4.1 

21 

3.5 

40 

6.6 

25 

4.1 

28 

4.6 

33 

5.4 

267 

44.1 

606 

100.0 


216 

35.6 

44 

7.3 

20 

3.3 

52 

8.6 

274 

45.2 

606 

100.0 


95 

15.7 

90 

14.9 

116 

19.1 

305 

50.3 

606 

100.0 


68 

11.2 

66 

10.9 

117 

19.3 

97 

16.0 

15 

2.5 

153 

25.2 

90 

14.9 

606 

100.0 
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The second, On-Board Software, covers anomalous behavior attributable 
to errors in software or to software which Is Inadequate for actual cperational 
procedures. The third category. Design, Other, covers all other anomalies 
attributed to design deficiencies. Anomalies are categorized as Quality/ 
Workmanship if, and only if, the source documentation so specifies. 

Thus, there may be more of these anomalies than appear in the Exhibit 7 
tabulation. Contamination includes all reports of any kind of foreign 
matter in or on the spacecraft hardware. Catastrophic failure occurs 
when a particular level of hardware (Part, Circuit, Component, Black Box) 
falls completely for none of the previously listed causes. Parts are 
single integrated circuits, valves, motors, etc. Circuits are actual 
electrical circuits (oscillators, amplifiers, etc.) or small collections 
of parts (gear assemblies, for example). Components are sets of "stand-alone" 
hardware, typically: tape drives, power converters, gyro electronics. Black 
Boxes are complete functional units, e.g. , tape recorders, batteries, solar 
arrays, or command decoders. The Unknown category is reserved for those 
anomalies for which there is insufficient information to make any other 
assignment. 

2 . Anomaly Type (XI) 

The standard approach treats anomaly type in two dimensions. 

The first distinguishes between electrical, mechanical, or other (chemical, etc.) 
type of anomaly and the second the relationship of the anomaly to piece part 
behavior. This categorization examines whether the anomalies are deterministic 
or not. Thus, the category Systematic includes anomalies that would recur 
if identical hardware were operated under identical conditions. Uearout, 

Aging, and Depletion are special cases of systematic anomalies and have been 
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broken out separately. TWo kinds of "randon" anoMllcs have also been 
included. The first. Chance, represents significant anoMlles that f#ould 
not necessarily occur if identical hardware were operated under identical 
conditions. These anowalies are alM>st always reported in the source 
doci^ntation as randow failures. Glitches are also randoid.y occuring 
anosalies. They are usually insignificant in terns or mission effect, 
occur at most a very few times then disappear requiring no corrective action 
other than perhaps a comnand to restore proper status. Attain, nearly half 
of the anomalies cannot be assigned to the above categories. 

3. Testability (XII) 

This categorization answers the question, "Could prelaunch 
testing have revealed the anomaly?" A ••Yes" was assigned if it was reasonably 
clear that some type of testing would have produced the anomaly. A •’Yes" was 
not assigned if the required testing was beyond a reasonable definition of 
the state of the art or would have required testing of excessive duration. 

A "No" was assigned if no test would have a reasonable expectation of 
producing the anomaly (a random part failure, for example). A "No" was 
also assigned if a test could be conceived but was clearly impractical 
(requiring zero gravity, for example) or would have been prohibitively 
expensive. An assignment of "Maybe" covers the situation in ’#hich test 
expense or sophistication while not clearly out of the question are 
approaching that situation. This category is also assignned when a clear 
distinction between "Yes" and "No" is not possible based on available data. 
The "Unknown" category represents the case where there Is not enough 
information available to make any other assignment. 
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4 . 


Source (XIII) 


Ttil* cIaM«ificaCion has b««n con«truct«d to rovool %ihor« 
the anoMileo oriftinate. IW firat four catagorlea are alaply hardware 
itena of Inrreaaing levela of coof»Iexity. The hardware levela are defined 
aa in the /tnoMlv Cauae claaalfication. In each caae, the loweat applicable 
level waa aaalgned that the available infonution would support. A few 
anonallea could not be isolated below the Subsystea/lnterface level. These 
are noatlv Incorrect wiring harnesses. A much aore frequently occurring 
source is "Interaction." This covers all anoouillea where incorrect responses 
occur between groups of hardware or between the hardware and its operating 
environment. Tvplcal amvnalies in this categor>' are wheel unloading when 
the tape recorder stops, RFl. tum-on transients, and contamination of one 
set of hardw.are due to out gassing from .toother. Tin- "Unknown" category l.s 
assigned where insufficient information available to auike any other 
asslgnn«‘nt . 
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IV 


ANALYSIS 


For this study, two typos of snslysos of the basic snoasly sod 
spscecrsft survival data were conducted. The first deals with spacecraft 
and spacecraft subsystea perforaance over their observed lifetiaes. The 
second is an engineering analysis of several special factors. 

A. Perforaance Suaaaries 

The perforaance of each spacecraft considered in this update 
is indicated on a separate bar chart in Appendix C-1. The survival tiae 
for each subsystea (as defined in the docuaentation for that spacecraft) 
is presented as are the survival tiaes for all anoaalous coaponents. 
Survival tiaes are also indicated for the redundant units of anoaalous 
coaponents whether or not they theaselves had anoaalles. Each and every 
anoaoly is charted at the tiae it occurred and against the coaponent or 
subsystea in which It occurred. A distinction is aade on the charts 
between failing coaponents (totally unusable) and less serious anocalies. 

For those spacecraft that were considered in previous studies, 
all anoaalies froa launch have been included even though these anoaalles 
do not otherwise fora part of the update data base. They are treated in 
Reference 15. 

A second set of charts indicates the perforaance of asjor 
spacecraft subsysteas. These are collected in Apendix C-2. Since each 
spacecraft has a soaewhat different breakout of subsysteas, we have 
standardised on the eight defined in subsection III. A. 5. For the aajor 
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•ubaystcM (Ttaing, Control nod Cowund; Telnantry nnd Data Handling; 

Pover Supply; Attltuda Control and Stablllaatlon, and Payload) an antry la 
•ade for aach apaeecraft uhethar or not It had algnlflcant anoaallaa In 
the aubject aubayatea. If It had algnlflcant anoaallea, the anoaaloua 
coaponenta (and their redundant unite. If any) are alao Hated. The 
Structure aubayatea doea not appear alnce there were no algnlflcant 
anoaallea In thla aubayatea In thla update. Since ao few anoaallea 
occurred In the Propulalon and the Envlronaental Control aubayateaa , only 
thoae apaeecraft are Hated which auffered algnlflcant anoaallea In theae 
areaa . 

In addition to being ordered by aubayatea rather than apace- 
craft, thla aet of charta dlffera froa the apaeecraft charta In two waya. 
Flrat, only "algnlflcant" anoaallea are Included. Theae are generally 
thoae categorized aa having a idaalon effect code of 2 or greater (aee 
aub^ectlon III. A. 4) although all anoaallea In redundant unlta, whoae 
alaalon effect la negligible becauae of the redundancy, are alao Included. 
The aecond aajor difference la that tlae, rather than being plotted In 
houra, la plotted In unlta of apaeecraft dealgn life. Thua, an operating 
tlae of 67 aontha for an AE-5 aubayatea la plotted aa 67/12 - 5.6 alnce 
Ite dealgn life la one year (aee Exhibit 2). Slallarly, ao operating 
tlae of 62 aontha for an ATS-6 aubayatea la plotted aa 62/24 - 2.6 
alnce the ATS-6 dealgn life la two yeara. 
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K» EnilMTlng Analy« 

Engineering enelyeee were conducted to provide further Ineights 
Into the neture of the enonelles thet heve occurred on the eetellltes In 
this update. The enelysee covered oeven ereea ranging fron pereistent probleas 
end test-related enoaslles to black box failures end RFI/EHI. Bach of 
the eeven areas Is discussed below In a aeperate subsection. 

1 . Persistent Probleas 

In an earlier analysis of the data bank. It was found thet 
over 80 percent of all anoaalles fell Into 30 categories of leading 
problea areas (Reference 14). It was also noted that these categories 
represented "persistent*' probleas In that the anoaalles occurring on the 
aore recently launched spacecraft were of the saae types as the anoaallea 
on earlier spacecraft. Since a significant aaount of new data were 
collected on this data bank update. It was deeaed desirable to reexeaine 
these persistency trends. 

Once again it was found that approxlaately 80 percent of the 
anoaalles "fit" the 30 problea areas. Exhibit 8 depicts the rank order 
of these problea areas for this update, for the 1978 update and for tha pre- 
1978 data bank. The three-part exhibit Illustrates the persistency of the 
problea areas over tlae aa well aa the shifts In their ranks. 

K nuabar of Interesting observations can be aada froa tha 
exhibit. For axaapla, as tlae passes fewer problea areas account for SO 
percent of tha anoaallas. This lapllas that by addressing tha five upper- 
ranking problea areas in this update one would In fact be addressing forty 
percent of the observed anoaallas. In tha pre-1978 era, nine probleas 
would have had to be addressed to achieve slallar coverage. 
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Th« rank of tape racordara aa a problaa araa haa droppad ataadllp froa tha 
firat aaapla to tha laat ahlla raaalnlng a alfalfleaat problaa araa. 

Nota that thla drop In rank could naan althar that tapa racordara ara 
gattlng battar or othar problana ara gatting uoraa. RPI/BMI alao 
contlnuaa to ba a algnlflcant problaa. 

Chaaical propulalon now ranka aacond only to aclantlflc Inatruaanta 
aa a problaa araa. It'a ranking In tha pra-1978 aaapla waa 15 and in tha 1978 
aaapla It waa 5* Parc of tha raaaon for cha rank incraaae in thla atudy 
la the large nuaber of propulalon problems on ATS-6. However, aany other 
spacecraft suffered froa 1 to 3 propulsion probleas. Indicating that anomalous 
behavior In chemical propulalon systams la a general and Increasingly severe 
problem. Another Interesting Increase la observed In the gyro category. 

The ranks are 23, 23. 8 from the earliest to Che most recant aaapla. 

This la due In part to several gyro probleas on lUE. TIROS-N. and NOAA'-6 
but again It seems to be a more general problem as well and a definite 
cause for concern. 

The RF Telemetry category ranking dropped from 7 to 11 to 16 
In Che most recent sample. A major reason for this is Chat spacecraft 
now rely extensively on S**band equipment for telemetry , and S>band 
anomalies are Included in the Wideband categories. 

2. Test-Related Anomalies 

Anomalies In the update sample were classified according 
to Whether they might have bean eliminated through some type of tasting 
(Sea Section III.B). Anomalies known to ba related in soma faehlon to 
the tasting program were also Identified. Twenty seven such anomalies 
ware found and although there are undoubtedly others, specific Information 
Is avallsbla only for these 27. 


S«v«a anoMilous Incidents were reported then were known 
to exist as anoealles prior to launch. One typical anoaaly of this type 
Involved a aeisory halt on IANDSAT>3 when an S-band tlaer reset was coasMnded. 
This abnoraal response had occurred occasionally prior to launch. 

On SBASAT, a 21 GHx electrical teaperature Monitor was reported as failed 
prior to launch, then returned to noraal operation, but failed again 
about 300 hours Into the alsslon. Another typical anoaaly Involves 
payload data Interference over the South Atlantic Anomaly on NlMBUS-7; 
this was expected due to the type of data channel detectors utilised. 

Ten anomalies were of a type noted prior to launch but 
not then considered to be an anoaaly. For instance, on NOAA-6 a ceramic 
capacitor had been identified as a problem component before launch, and 
was replaced %rlth specially screened items. Nevertheless, problems with 
this capacitor recurred and caused significant losses of instrument data. 

In another case, a tape recorder on SHE did not respond to playback 
commands %fhen the unit was cold; symptoms of this anomaly had been noted 
in prelaunch tests 

Two anoaalies — both on NIMBUS 7 — were specifically reported 
as having not been revealed in testing. One of these involved Interference 
with the scanning of one instruaent by the scanning of another instrusient. 

It was reported that this was possibly due to structural resonance or 
structural transmission, and that the test fixture could have masked 
structural affects. The other anoaaly of this kind involved unexpectedly 
high temperatures of the cooler door and cone on the Coastal Zone Color 
Scanner. It was reported that this possibly occurred because of higher 
earth albedo in orbit than was simulated in thermal -vacuum testing. 


Four anoBalles existed prior to launch hut want undetected* 
including a wiring error in a thruater control harnesa on AE-5. 

Four anoeallea were reported that Involved aettlnga or procedurea haaed on 
teat data that were later found to be Inadequate* For Inatance* on 
Viking Lander 2 battery tewperaturea Increaaed algniflcantly higher 
than predicted. It %*aa reported that the teeperature predictive leodel 
waa baaed on data from preproduction* prototype batteries rather than 
flight batteries, and was In error. 

3. Envlronawntal Effects 

Of the 606 update anonalles, 56 (or slightly over 9 percent) 
were caused by sone type of envlroniuental effect. Since this la a rather 
significant proportion of the anonalles* and particularly since nany of 
these anonalles could possibly have been prevented by nore adequate design 
or testing provisions* the anonalles were further Investigated In terns of 
hardware and functional areas. 

In this Investigation* envlronnental effects were broadly 
defined as those originating external to the spacecraft Itaelf. It was 
found that ten categories enconpassed these effects: 

(1) Effects of orbit: Deternlned by orbital characteristics 

such as eclipse and solstice, sun angle* day /night and 

nlght/day transitions* orbital location* etc. 

(2) Tenperature effects: Created by the space themal 

envlronnent and the reactions of the spacecraft to this 

envlronwant. 
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(3) Sun effects: Resulted froa the sun*s visible spectnm. 

(4) Moon effects: Resulted from lunar gravitation end 

reflected light* 

(5) Ataospheric noise: Associated with the etaospherlc 

RF spectrua. 

(6) Effects of vecuua: Associated %rlth the space vacuua. 

(7) Earth effects: Resulted froa albedo and the earth's 

magnetic field. 

(8) Radiation effects: Associated with space radiation. 

(9) Effects of launch: Created by the launch environment. 

(10) Other: Environmental effects not encoapassed by the 

other categories. 

From the above, it can be seen that "overlap" between the categories 
can occur. For instance, an excessive spacecraft temperature alght be due to 
either the space thermal environment or the sun angle as determined by the space 
craft's orbital characteristics. In assigning anomalies to the environmental 
effects categories In this investigation, such possible overlaps were handled by 
basing the assignment on the primary environmental effect leading to the 
the anomaly as given In the data. That is, if the primary cause of space- 
craft overheating was the sun angle, the anomaly was assigned to the orbital 
effects category rather than the temperature effects category. It Is felt 
that assigning the anomalies In this manner provides a clearer indication 
of where more emphasis would be warranted during design and test* 
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Exhibit 9 depicts In Mtrlx forsat the dletrlbutlon of enoaelles 
by herdware/functlonel eree end the various envlronaental effects leading 
to then. Typical exanples of anoaalles assigned to each category are as 
follows : 

(1) In the "Effects of Orbit" category, anonalles Include the 
GOBS-4 loss of RF pouer froa a UHF cransaltter pro-* and 
post-eclipse, and the MAGSAT anosMly Involving sun inter- 
ference In the star caaera In the Southern healsphere. 

Another exaaple Is the array "notching" that occurred on 
NIMBUS-7 at night/day transitions. 

(2) In the "Teaperature Effects" category, anomalies Include 
the deployaent problea on SAGE attributed to a stiff cable 
due to low teaperature. Also, the ATS-6 parabolic reflector 
antenna anoaaly consisting of distortions due to diurnal 
thermal gradients was assigned to this category. 

(3) In the "Sun Effects" category, three of the anoaalles Involve 
abnormal operation of horlxon scanners /earth sensors due to 
sun Interference (SAGE, NOAA-7 and SCASAT). This category 
also Includes erratic operation of NIMBUS-7 sun sensor at 
soae sun angles. 

(4) All of the anomalies attributed to "Moon Effects" are 
associated with lunar Illumination. Twice It Interfered 
with earth sensor operation (GOES-3 and TIROS-N) ; It also 
Interfered with the operation of a radiometer on TIROS-N. 
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(5) At least two of the anoaalies designated "Atnospherlc 
Noise” were associated with the South Atlantic Anomaly; 
when the respective spacecraft were over this location, 

RFI caused a clock jump on SMM and interfered with a 
payload instrument on NIMBOS-7. LANDSAT-3 also experi- 
enced RFI over magnetic anomalies, although the data does 
not specify which ones. Also assigned to this category 
was a TIROS-N anomaly involving spurious command verifi- 
cations; this was attributed to the receiver’s frequency 
being In the neighborhood of amateur radio and television 
traffic. 

(6) Two of the anomalies assigned to "Effects of Vacuum" were 
caused by outgasslng (LAHDSAT 3 and Voyager 2). A third 
anomaly — the star tracker on Voyager 2 tracking bright 
particles just after launch — was also judged to be due 
to outgasslng. 

(7) In the "Earth Effects" category, one of the anomalies 
Includes a spectrometer on SHE breaking-limits due to the 
effects of a "bright earth." On SEASAT, a horlron scanner 
tracked cold clouds, and on SMM earth albedo entered a 
sun sensor's field of view. 

(8) "Radiation Effects" includes three Instances of array damage, 

one due to a large solar flare (ATS-6) and two due to 
the same large solar particle event (GOBS-4 and GOES-5). 
Three other anomalies Involve Jovian radiation effects 
on the Voyagers. Also, a radiation "hit" on DE-1 wiped 
out a microprocessor chip. 


(9) Three anoaaliee were caused by the "Effects of Launch". 

On MAGSAT. there were Indications that a theraal panel 
case off during launch. On TIROS-N. propulsion probleas 
were attributed to a nut relaxing due to launch shock. 

On Voyager 2, a cowputer becaae "confused" by the high 
boost rates and Issued conaands to counteract then. 

(10) Four anoaaliee were assigned to the "Other" category. 

On ATS-6, interaittent array thermistor operation was 
attributed cryptically to "the long tern effects of 
cycling in orbit." The detector window of a scientific 
instrument on ISEE-3 was punctured by a aicrooieteorite. 
NOAA-7 experienced higher solar pressure torques than 
expected, and the Viking Orbiter 1 experienced a strong 
gravity gradient torque at periapsls. 

4. Black Box Failures 

As is evident froa discussions elsewhere in this report, 
a large number of data bank anomalies involve intermlttents (some of which 
"go away"), degraded performance that does not significantly impact the 
mission, or other types of anomalous behaviors that do not render the 
associated hardware useless. It seemed, therefore, that it would be of 
interest to identify and tabulate the anomalies where a significant piece 
of hardware became useless due to soae type of problem. 
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In th« updat* saaplat thar« ««r« 34 black box falluraa (not 
Including battarlaa) iihara radundancy uaa avallabla and oparabla. Itia najor 
Impact of thaaa falluroa la thorafora loaa of radundancy protactlon. On 
tualva apaeacraft. houavar, black box falluraa raaultad In aavara mlaalon 
Impact a. Thar.a ara aa followa: 

o Tarmlnatlon of tha S4CR mlaalon dua to battary fallura 
o Tarmlnatlon of tha Viking Landar 2 mlaalon dua to 
computar fallura 

o Loaa of the SKASAT mlaalon dua to fallura In tha array 
allp ring aaaambly 

o Loaa of tha SNM mlaalon dua to conaacut Iva falluraa In 
all three reaction wheal po*a»r auppllea 
o U^aa of tha TIROS-N mlaalon dua to falluraa In both 
redundant IHU power auppllea. 
i» Loaa pf primary payload data on SMS-l dua to fallura 
of both S-band tranamlttere 

o Loaa of primary payload data dua to fallura of both 
VISSR encodera on tMS-2, U»KS-2, and UlKS-T 
o Raat riot Ion of primary pavload data gathering to raal- 
tlmu only dua to fallura of both primary and redundant 
tape raoordara on LANDSAT 2, NlHBUS-S, and NlHBUS-b. 
lapaota of tha remainder of tha black boa falluraa tabulated 
In r.ahlblt 10 fall aomawhara between tha savere onea and loaa of redundancy 
protactlon. Ten of theae remaining black box falluraa Involve loaa of a 
battery; tha other b loaa of a radiometer. 


M 


5. RFl/EMI 


As Indicated above, RPI/EMI ranks as an especially prevalent 
and persistent problem area* Of the 43 operating satellites In the update 
sample, 22 had RFl/EMI anomalies. The lack of such anomalies on the other 
21 spacecraft may reflect lack of reporting rather than lack of such Incidents. 
Overall, sixty-three anomalies caused by RFl/EMI were Identified in the update 
sample, and they are distributed among various hard%*are areas as follows: 


Scientific Instruments 11 
Radiometers 8 
Cabling/harness (cross-talk, 

coupling, etc. 8 
Telemetry Transltters 3 
Telemetry Monitors 3 
UHF Receivers 2 
Command Receivers 2 
Battery Chargers 2 
Attitude Sensors 2 
Attitude Control Electronics 2 
Spacecraft Clock 1 
Command Decoder 1 
Memory 1 
Power Control Electronics 1 
Thermal Control Electronics 1 
S-band Transponders 1 
Unkno%m 1 4 


The anomalies represented above Include cases of "Internal ** RFI 
where the extent and effects of the RFI %wre limited to the "black box" that 
generated It, and "external" RFI where the RFI generated In one area affected 
equipment In another area. 

In making the above allocation of anomalies to equipment areas, 
the anomaly was charged to the offending equlpomnt wherever there were 
sufficient data to make this assignment. This was clear-cut In cases of 
Internal RFI. For external RFI, the equipment that was susceptible to RFI 
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was charged with the anowly if It appeared that the equipaent would not 
have been aueceptlble had aore adequate RPI protection been provided. The 
equipaent generating the »PI waa charged when it appeared that the aagnltude 
I of the RFI was sufficiently high to penetrate noraally adequate RFI protection 

lo other equipaent. The "Unknown" category includes anoaalies Where this 
distinction could not be aade. Making these asslgoaents required assuaptions 
uhen the data did not specifically identify the offending equipaent. These 
assuaptions uere based on engineering Judgaent using the descriptions of 

the anoaalies. 

Many of the RFl/EMI anoaalies did not significantly affect space- 
craft perforaance. Soae. however, were serious. In several Instances, RFI/EMI 
caused significant losses of payload data. Also, in at least two Instances 
the offending equipaent had to be turned off and the back-up units selected, 
which resulted in loss of redundancy. Thus, it appears that in design and 
testing, the generation of, and susceptibility to, RFI/EMI warrants special 

[ consideration. 

Deployaents 

On the spacecraft launches covered in this study saaple, but 
not including spacecraft already covered in previous studies and updated In 
this saaple, there were at least 71 deployment events. These events ranged 
froa solar paddle and booa deployaents to extensions of long antennas, but 
40 not include separation or deployaents Involving simply the "spring-out" 
of short stub antennas and the like. 
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For thoa* 71 daployaant «v«nt«, alghc •noMlloa war« raportad. 


Of chase alghc, only one Involvad a daployaanc fallurat naaaly, tha daployaant 
failure of the 10 aatar, Z axis Vector Electric Field Instruaant booa on DE-2* 
Thla anoaaly was attributed to an open In the power circuit. 

The reaalnlng 7 deployaMnt anoaallas are suaaarlaad aa follows: 
o The SAGE S-band antenna required 40 olnutes to deploy; 

attributed to low teeperatura stiff naas of a coaxial cable; 
o The LANDSAT-'3 left solar paddle lid not slew as expected 
at deploysient, possibly due to shadowing of a sun sensor; 
o LANDSAT-4 was Initially unsuccessful In deploying the E^-band 
antenna; 

o On MAGSAT, only 1 of the 2 despin tleers functioned; tleer 
#2 never becaee areed. possibly due to higher than expected 
thermal resistance between the fourth stage and the timer; 
o On NIMBUS-7, several squibs on instruments did not fire 
until the firing comsunds were repeated; 
o On NOAA-7, an instrument earth shield door was slow to deploy, 
possibly due to a mechanical hang-up; 
o The Voyager 2 Science Boom deployed to within 0*06^ of the 
correct position and did not latch; the t%n> most likely causes 
reported are debris In the folding strut hinge or insufficient 
drive in the folding strut; 

o On Voyager 2, telemetry indicated that the RTG Boon Release 

pyro-aaplifiers '*A‘* activated; but not the "B” set of amplifiers; 
there was some evidence that a transistor in the output switching 
portion of the pyro switching unit failed. 
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7 . Miscellaneous 


This subsection discusses four additional observations of 

Interest. 

(1) Self Healing ; The apparent self-healing capability which 
has been noted In previous data bank studies was again 
observed. In the update saaple. there were 14 Instances 
of anoaalous behavior that cleared up without any type of 
Intervention. These Instances do not Include ’'glitches'* 
that occur once or a few tines and then go away. 

(2) Array Tenperature Sensors ; During the coarse of this study. 

It appeared that a large number of array tenperature sensor 
failures were reported. Further analysis revealed that six 
such sensors had failed catastrophically, and that these 
failures had occurred on HCCM, ATS-6, GOES-1, GOES-3, lUE, 
and SMS-2. 

(3) Plune Inplngenent : On previous data bank studies, anonalles 

were occasionally noted Involving lB^>lngenent of the propulsion 
plune on some spacecraft surface. Four such Instances were 
noted during this study; one each on GOES-4, GOES-5, Voyager 

1, and Voyager 2. On the Voyagers, this caused 20X less AV 
than was expected, and subsequently nore hydrazine use. 

It was reported that post-launch analyses based on nore 
sophisticated techniques than had been applied earlier 
produced results agreeing with the observed phenonena. 



(4) Proble— Corr«cf d/Mltlg«t> d fro« the Ground: On all previous 

data bank studies. Instances were frequently noted irtiere the 
anonaly was corrected or mitigated by soae action taken on 
the ground* During this update, 75 such Instances vere 
Identified* These Instances Include only those where the 
anoaaly was actually corrected or the anoaalous hardware 
restored to acceptable status from the ground* They do not 
Include comnandlng-ln a redundant unit, commanding the space- 
craft back to the proper configuration following spurious 
turn-ons/turn-offs by "glitches," nor establishing procedures 
to allow some unit to warm-up before use* Even tilth such 
exceptions, the number of anomalies corrected or mitigated 
from the ground in this sample Is significantly larger than 
the numbers noted In the past* There appear to be several 
reasons for this, one of them being the more extensive use 
of on-board computers* 

This more extensive use of on-board computers presents more 
opportunities for correcting anomalous behavior via on-board 
software modifications that change operating points or pro- 
cedures* It also Increases the likelihood of anomalous 
behavior due to software errors. Of the 75 cases where 
anomalies were corrected or mitigated from the ground, 
roughly 201 Involved corrections to on-board software 
discrepancies. 
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V. PERFORMAHCE EVALUATION 


Typically, spacecraft perforaance beglas at (or near) Its 
design capability Inedlately after a successful launch and then degrades 
over tine as It Incurs a wide variety of anosMlles. A procedure to 
quantify spacecraft perforaance, or capability, over tlae using the PRC 
space data base was derived In Reference 11. 

Bach spacecraft anoaaly In the data base Is assigned to one of 
five alssion effect categories as described In Section III. The procedure 
to quantify spacecraft capability begins by assigning a single nuaerlc to 
represent "average** spacecraft degradation in each category as shown below: 


Mission Effect 


Degradation 

0.025 

0.20 

0.50 

0.80 

0.975 


1. Negligible 

2. Non-Negliglble but Snail 

3. 1/3 to 2/3 Mission Lost 

4. 2/3 to Nearly Total Mission Lost 

5. Essentially Total Mission Lost 
Thus, spacecraft capability starts at 1.0 and remains there until occurrence of 
of the first anomaly, when it is assumed to degrade by exactly the percentage 
assigned to its mission effect category. If this value is designated , then 
at this point in time spacecraft capability is given by (1 - Dj). Spacecraft 
capability is assumed to rr ^in at this value until occurrence of the second 
anomaly with degradation 02* Spacecraft capability Is then assumed to be 
given by the product (1 - Dj) (1 - D 2 ). In general, spacecraft capability 


Is 


C - 


n 

r 

1 - 1 


(1 - Di) 
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upon Che occurrence of the nth enonaly end reaalne et this level until the 
occurrence of enoeely n + 1. Plotting these results provides s highly 
vlsusl Indlcstlon of the degrsdstlon In spscecrsfC cspsblllty over tlae. 
Integrstlng the resultsnt curve over the spscecrsft'e operstlng (or 
design) life and norasllslng provides s single nunerlc representing 
average capability. 

The procedure, uhlle being easy to apply and useful In some 
applications, may not always provide an accurate portrayal of space- 
craft performance. It Is the purpose of this subsection to examine four 
specific reasons %rtiy this might be so and to suggest an improved procedure 
suitable for general application. 

(1) The criticality categories permit the 
possibility of large accumulated errors 
In the capability estimate particularly 
for accumulations of trivial anomalies. 

This criticism Is particularly apropos for complex, well- 
documented spacecraft. A case in point Is NIMBUS-7, reported herein. It 
has accumulated 53 category 1 anomalies and 8 category 2 anomalies for a 
current estimated capability, using the current procedure, of 

C - (0.975)53 (0.8)8 . 0.044. 

The spacecraft In fact Is operating quite well in spite of Its 
61 anomalies, much better than the capability figures of 4.4 percent 
would imply. The solution to this problem lies in making a more accurate 
assessment of the mission Impact of each anomaly and carefully tracking 
the cumulative Impact of all anomalies. The latter Is a good deal easier 
than the former. That Is, determining the impact of each of the first 
ten NIMBUS-7 anomalies Is probably at least ten times as difficult as 
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determining the state of NIMBUS-7 after the tenth anomaly. Careful 

application of these two approaches, however should adequately overcome 
this drawback. 

(2) Assignment of anomalies to the categories 
Is highly Judgmental with no formal rules 
for making these assignments. 

rule for assigning anomalies to categories is to 
establish the overall effect on the mission as if the anomaly had occurred 
In Isolation and at the beginning of the mission. Anomalies in redundant 
units take Into account the degree of redundancy available upon their 
occurrence. Otherwise this approach does not include cumulative or 
cancelling effects of anomalies. While the assignments are judgmental, 
it is fairly easy to make the right assignment because the five categories 
are fairly broad and are tailored to the actual results observed in practice. 
Furthermore, there is no totally objective way to determine the impact of most 
anomalies. TV pictures or communications links that are degraded or fuzzy or 
intermittent, etc., are common anomalies for which this is true. Furthermore, 
the apparent objectivity inherent in "40 frames of data lost" or "2 
transponders failed," etc., may be more illusory than real, requiring 
agreement that all frames/transponders are equal and so on. The impact of 
anomalies on scientific missions is generally even more subjective. 

One approach to this problem might be to have an expert (or 
experts) assign the anomalies to their mission effect categories and justify 
each assignment, in writing, on the basis of all available information. 

It might also be possible for the expert (s) to prepare ground rules 
for anomaly classification and then to review the results for realism. 
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^eiu., appears deficient In describing the 
perforaancs # 

Th. b..t «y to d.t.t.ln. ho» 4.flcl.»t m. »thod 1.. 1. to 
coepare Its application with the actual curve. But If one had the actual 
cur,. th.r. would b. uo u.«l to .pply tb. «thod .t .11. Thu.. d.rl,ln* 

.o .ctu.1 cur... or .t l..«t oo. .ppro.chlos •• clo..ly .• po..lbl. to 

the actual, would obviate this problee. 

(4) No distinction Is eade between engineering 
perforaance and science perforaance. 

«,u« th.t ..ch .p.c.cr.ft «. b. r.th.r no.tly dl.ld.d Into 
p.rt.. on. U tb. b..lc bu.i th. .tructur.. po».r .upply. .ttltud. 
control. co«on.c.tlon.. tb.r«l control, .tc; .nd tb. otb.r 1. tb. p.ylond. 
..g.. -.ltl-.p.ctr.l ..n.or. TV c«r... «,n.t<«.t.r. . .tc 01... tbU 
al,t.lon. it uould b. of lnt.r..t to bno. bow w.11 tb. bu. «. p.rfor.ln* 
(.ngln..rln, p.r(or-nc> .nd bow w.11 tb. p.ylo.d w.. ..rfomln. (.ci.nc. 
p.rf.r«n«). It i. ootir.ly po..ibU. of cour... tb.t undor p.rtlcul.r 
.c.n.rlo. of r.dund.ncy. lo.d .b.rln,. .nd worb-.ro».d. tb.t both bu. .nd 
pnyload could b. doing r.tbor poorly wbil. tb. .Union it..lf ... boing 
.cco.pli.b.d ,uit. .ctUf.ctorily. Thun. tb. di.tinction b.tw..n .ngin..ring 
.nd .Cnc. p.rfor..nc. night b..t b. drnwn by ~bing tbrn. .v.lwntion. 

K annab^iv 1 a. Its alsslon effect, Its payload 
upon the occurrence of e^ch anoaaly, l.e.. its ai 

effect, and Its effect on the bus. 
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An I»proved Procedure 


Coablnlng these responses into an overall procedure would not only 
avoid the four drawbacks discussed above, but would also provide a generally 
superior way to assess spacecraft capability as a function of tlae. Specifi- 
cally, the new procedure night consist of the following steps. (H Assign 
"experts" to Implenent the procedure for each spacecraft or to review the 
results of wore general practitioners. (2) Have the experts and/or 
practitioners gain fanlllarlty with the total spacecraft design, nlsslon, 
results, and anomalies. (3) Assign to each anomaly three cumulative degrada- 
tion factors to the nearest percentage point, one for the nlsslon, one for the 
payload, and one for the bus.* Since some anomalies have a degradation effect 
over tine it will probably be useful In most cases to also assign cumulative 
degradation factors at some convenient time Intervals such as every 1000 
hours or every quarter. These assignments would be ar. evaluation by 
experts or practitioners of the cumulative capability lost at a given 
point In time for the total spacecraft, the bus, and the payload. 

(4) Provide a written Justification for each assignment. (5) Plot the 
resultant curves and normalize as before. 


*Note that it nay also be necessary to Introduce a factor 
to account for self-healing and hence Improvements In capability. 
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We, as practitioners, attempted to apply the procedures to SAGE 
(AEM-2), a fairly simple spacecraft with a fairly straightforward mission 
profile. The results were not encouraging. Estimating the actual Impact 
of each anomaly has proven to be time consuming, difficult, and ultimately 
arbitrary la large part. This nay be due simply to our lack of In-depth 
familiarity with the system and Its mission. Real experts operating more 
nearly In real tine night ease the process considerably and provide more 
accurate results. 

Our attempt to Implement the procedure Is documented In 
Exhibit 11. The results for the mission are plotted In Exhibit 12 
together with the results of applying the current methodology. It Is 
assumed in both exhibits that the mission degradation Is linear, going 
from 50 percent after the battery anomaly (2050 hours) to sero at the end 
cf the mission (25,270 hours). 

The proposed method gives an average capability over the space- 
craft’s operating life of 54 percent; the current method yields 18 percent. 
The design life for SAGE is 12 months. Average capability over this 
period is 76% using the suggested method and 28Z using the current method. 
The differences are clearly significant. How general this phenomenon 
Is with respect to other spacecraft Is unknown. 

The Improved procedure Is obviously a good deal more time 
consuming than the current one. The difference Is almost totally In the 
derivation of the three cumulative degradation factors together with the 
written Justifications required by the Improved procedure. In the 
current procedure this Is a simple exercise In multiplication. While It 
will take some experience In the application of the Improved method to 
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EXHIBIT 12 - SAGE CAPABILITY PLOTS 


r«Moa«ble 


determine how long It would teke, m rough estimate that seems 
to the authors Is 15-30 minutes per anomaly, if the procedure Is 
Implemented at the time the EARa are generated or by someone who Is 
already Intimately familiar with the spacecraft, its mission, and its 


anomalies • 
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APPENDIX A 


DATA BANK COVERAGE FOR THIS UPDATE 

The chart In this appendix lists the spacecraft for which 
Information was added to the data bank by this study . 

For each spacecraft » the chart shows the number of the engineering ^ 

analyses report (EAR) that backs up the data In this report and gives an 
Indication of the degree of completeness of the four major tables In the 
EAR. Information for Table III (parts counts by major components) was not 
actively sought In this study and that for Tables V and VI (developmental 
and prelaunch activities) varied from essentially none to fairly comprehslve. 

Information on developmental actlvites, however, was not generally available 
from those sources that provided the spacecraft operational data and a 
separate collection effort was not undertaken to seek information of this 
kind. 
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APPENDIX B 


BASIC DATA TABULATIONS 



APPENDIX B 


BASIC DATA TABULATIONS 

This appendix Is divided into three tabulations. Appendix B-1 
suaaarizes each anoaaly in the update. Appendix B-2 contains classification 
codes for each anomaly using the "standard" approach applied to all previous 
collections. Appendix B-3 contains additional classification codes applied 
in this study. Sections III.A and III.B in the main body of this report 
define the various codes and discuss their application to the spacecraft 
anomalies. For convenience, the identification of the anomaly characteristics 
and the alpha-numeric codes employed are repeated just prior to the two 

tabulations of Appendices B-2 and B-3. 

Appendix B-1 contains, In tabular form, the primary data upon 

which this report is based. All 606 satellite anomalies are listed by 
spacecraft, in order of elapsed time to occurrence and contain these data 

elements: ... . ..j ► 

o Time-to-occurrence of anomaly in hours. A time t is 

associated with the launch Interval, prior to Injection 

into orbit. The symbol denotes either unknown time 

or Intermittent occurrence. 

o Three short phrases Indicating the description of the 

observed anomaly, its suspected or known cause, and the 
effect on the mission objectlve(s) . 
o Corrective actions, both in-orbit or for subsequent 
launches, if known. 

o Brief remarks, if needed to place the anomalous 
incident in context. 
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The sequential coding index of colunn 1 provides a aeans of cross- 
referencing to the classification codes of Appendix B-2 and B-3. These two 
appendices should facilitate say further classification or analysis the 
reader night wish to undertake. 

Appendix B-1 begins on Page 83, Appendix B-2 on Page 155, and 
B-3 on page 175. A list of acronyns used In the anoaaly suanarles and 
their definition follows for the convenience of the reader. 
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ACS 

Attitude Control Systea 

AGC 

Attitude Gain Control 

APU 

Auxiliary Proceaalng Unit 

AVHRR 

Advanced Very High Resolution Radloaeter 

BCS 

Bent Crystal Spectroaeter 

BOT 

Beginning of Tape 

C&DH 

Coaaand and Data Handling 

CDA 

Coaaand and Data Acquisition 

CDIU 

Coaaand and Data Interface Unit 

CIU 

Controls Interface Unit 

COMSTOR 

Coaaand Storage Module 

C/P 

Coronagraph/Spectroaeter 

CPU 

Central Processing Unit 

CTU 

Central Teleaetry Unit 

czcs 

Coastal Zone Color Scanner 

DAPU 

Data Acquisition and Processing Unit 

DCPR 

Data Collection Platfora Receiver 

DCS 

Data Collection Systea 

DDF 

Digital Data Processor 

DIP 

Digital Inforaatlon Processor 

DSAS 

Digital Solar Aspect Sensor 

DTR 

Digital Tape Recorder 

ECAM 

ERTS Command Auxiliary Memory 

ERB 

Earth Radiation Budget 

ESA 

Earch Sensor Assembly 

ESMR 

Electrically Scanning Microwave Radiometer 

PCS 

Flat Crystal Spectrometer 

6CMS 

Gas Chroaatograph Mass Spectrometer 

GEODAT 

Sof tware 

HAO 

High Altitude Observatory 

HDRSS 

High Data Rate Storage Systea 

HEPAD 

High Energy Particle Detector 

HET 

High Energy Telescope 

HIRS 

High Resolution Infrared Sounder 

HRIR 

High Resolution Infrared Radiometer 

IDC 

Image Dissector Camera 

IHU 

Inertial Measurement Unit 

LAPI 

Low Altitude Plasma Experiment 

LIMS 

Limb Infrared Monitoring of the Stratosphere 

LSAD 

Left Solar Array Drive 

LVDT 

Linear Voltage Differential Transformer 

MSS 

Mhltlspectral Scanner 

HSU 

Microwave Scanner Unit 
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NBTR Narrow Band Tape Recorder 

NEMS Niabus-E Microwave Spectroneter 


OAS Orbit Adjust System 

OBC On-Board Computer 


PAS 

PCL 

PCM 

PCS 

PMT 


Panoramic Altitude Sensor 
Program Control logic 
Power Control Module 
Pointing Control System 
Photomultiplier Tube 


RBV 

RCS 

RIU 

RMP 

RTG 

RVDT 


Return Beam Vldicon 

Reaction Control System 

Remote Interface Units 

Rate Measuring Package 

Radioisotope Thermoelectric Generator 

Rotary Variable Differential Transformer 


SAD 

SAM II 

SAMS 

SAR 

SASS 

SBUV 

SEM 

SIRS 

SMART 

SMMR 

SNR 

SR 

SRR 

SSCA 

SSU 


Solar Array Drive 

Stratospheric Aerosol Measurement II 
Stratospheric and Mesopherlc Sounder 
Synthetic Aperture Radar 
Scatterometer 

Solar Rackscatter Ultraviolet Energy 
Space Environment Monitor 
Satellite Infrared Spectrometer 
Housekeeping Software 

Scanning Multichannel Microwave Radiometer 
Signal to Noise Ratio 
Scanning Radiometer 
Scanning Radiometer Recorder 
Surface Sampler Control Assembly 
Stratospheric Sounding Unit 


TCE 

TED 

THIR 

TIP 

TOMS 

TWERLE 

TWT4 

VAS 

VEFI 

VHRR 

VIP 

VIRR 

VISSR 

VTPR 

WBVTR 

WEFAX 


Thermal Control Electronics 
Total Energy Detector 

Temperature/Humidity Infrared Radiometer 
Tiros Information Processor 
Total Ozone Mapping Spectrometer 
Tropical Winds Energy Conversion Reference Level 
foperiment 
TWT Amplifier 

Vlsable Infrared Spin Scan Radiometer Atmospheric 
Sounder 

Vector Electric Field Instrument 
Very High Resolution Radiometer 
Versatile Information Processor 
Vlsable and Infrared Radiometer 
Vlsable Infrared Spin Scan Radiometer 
Vertical Temperature Profile Radiometer 

Wide Band Video Tape Recorder 
A Satellite Weather Facsimile System 
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iNOHALODS nCIUMT CLASSinCAIIOII CODES, STAMDAKD APPIQACH 


I. Ml«»lon Sub»€t 

D. 1kMucc«s*ful Launch 

S. Spacecraft with No 
Anoaallaa laportad 

Spacecraft with 
Anoaaliea laported 

II. Mlaalon Tare 

L. Long Tore 
S. Short Tere 

III. Mlaalon Phase 

L. Launch and Acquisition 

0. Orbital (Stcady>State) 

Q. Unknown 

IV. Mlaalon Effect 

1. Negligible 

2. Mon-MegllglMe but Snail 

3. 1/3 to 2/3 Mlaalon Loaa 

4. 2/3 to Nearly Total 
Mlaalon Loss 

5. Eseentlally Total 
Mission Loss 

U. Unknown 

V. Spacecraft Subayaten 

a. Tlnlng, Control and 
Connand 

b. Telenatry and Data 
Handling 


c. Power Simply 

d. Attltu<ile Control and 
Stabilisation 

dt Propulsion 

e. Environnental Control 

f. Structure 

g. Payload (Expcrlnental 
and Scientific) 

h. Unknown 

VI. A. Incident Type 
E. Electrical 

M. Mechanical 
0. Other 

U. Unknown 

VI. B. Incident Type 

C. Catastrophic Part 
Failure 

0. Other Part-Belated 
Incident 

N. Non-Part -Belated 
Incident 

U. Unknown 

VII. Incident Cause 
A. Assignable 

N . Non-Aasignable 
U. Unknown 
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ANOMALOUS INCIDENT CLASSIFICATION CODES, 
ADDED GHARACTBRISTICS 


X. Anowaly Caw 

a. Space Bnvlro iian t 

b. On-BoarE Softwara 

c. Daaifn, OChar 

d. Quality Control/ifozlnanablp 

a* Cootaalnatlca 

f . Cataa trophic Part Fallura 

f. Cataatrophlc Circuit Fallura 

h. Catastrophic Couponant Fallura 

1 Catastrophic Black Box Fallura 

J Unknown 

TOTAL 

XI. Anoualy Typa 

S. Systaaatlc 

W. Waarout/Aglng/Daplatlon 

C. Chanca 

G. Glitch 

D. Unknown 

TOTAL 

XII. Testability 

T. Tea 

N. No 

M. Maybe 

U. Unknown 

TOTAL 

XIII. Source 

1. Fart 

2. Circuit /Subassaably 

3. Coaponant 

A. Black Box 

5. Subsystau/Intarfaea 

6. Interaction 

7. Unknown 

TOTAL 
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PERFORMANCE SUMMARIES 




APPENDIX C 

PERFORMANCE SUMMARIES 

This appendix presents spacecraft and major spacecraft subsystem 
performance summaries in graphical form. Appendix C-1 contains one chart 
per spacecraft, although sosie charts run to two or even three pages. Each 
chart Identifies all of the spacecraft's subsystems and payloads. It 
further identifies each anoisalous component within the subsystem or pay- 
load. All anomalies are identified on the chart at the time they occurred. 
Those that caused complete failure of the associated component are denoted 
by a circle; all others by triangles. Anomaly Indications in the "Unknown 
Time of Occurrence" column are of essentially negligible mission effect 
and occur at some undocumented time(s) or are present throughout the 
mission. Survival times are also given for each subsystem and anomalous 
component. When an anomalous component is redundant, the survival times 
arc given for the redundant units even if they have no anomalies. Other 
components without anomalies are not listed. 

Appendix C-2 arrays significant anomalies and failures by major 
spacecraft subsystems. Since each program has a somewhat different 
breakout of subsystems, we have standardized on the eight defined in sub- 
section III. A. 5. In addition to being ordered by subsystem rather than 
spacecraft, this appendix differs from Appendix C-1 in two ways. First, 
only "significant" anomalies are included. These are generally those 
categorized as having a mission effect code of 2 or greater (see subsection 
111. A. 4) although all anomalies in redundant units, whose mission effect 
is negligible because of the redundancy, are also included. The second 


j 


191 


■ajor difference Is that tlne» rather than being plotted In hours aa In 
Appendix C-1, la plotted In tema of apacecraft design life. For the 
major subsystems (Timing, Control -and Command; Telemetry and Data Handling; 
Power Supply; Attitude Control and Stabilization; and Payload) an entry is 
made for each spacecraft %»hether or not it had significant anomalies in 
the subject subsystem. Note that an entry of "No significant anomalies" 
means on that subsystem only. The Structure subsystem does not appear 
since there were no significant anomalies in this subsystem In this update. 
Furthermore, for the Propulsion and the Environmental Control subsystems 
only those spacecraft are listed which suffered significant anomalies In 
these areas. 
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PEPFORMANCE SIMIARY FOR AE>5 


Subsystem and 
Ana— iocs Component (s) 

Beeic Spececreft: 

o Attitude Control 

Body Horizon Sensor 

o Conmand 

Com— nd Memory #1 

Con— nd Memory 12 

o Communications & 

Data Handling 

o Orbit Adjust Pro- 
pulsion System 


Po^^r Supply 
Electronics 

o Solar Pointing 
Subsystem 

o Thermal Control 

o Engineering 
Instruments 

Payload : 

o *'ei tral Atmosphere 
Composition (NACE) 

o Backscatter Ultra- 
violet Spectrometer 
(BUV) 


10 


Ti— of Occurrence 
(Hours from Launch) 


100 
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Design Life : 
8,760 hours 
(1 Year) 


Time of 
Occurrence 
Unknown 


End of Data: 
48,672 hours; 
>1-5 reentered 
atmosphere 


Legend : 

indicates that this ano— ly Is a failure, where failure is defined as the event that renders the subsystem and/or 
component unusable . 

^ indicates that this ano— ly is not a failure. 
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PERFORMANCE SIMIARY AEM-1 (HCCM) 


Subsystem end 


Time of Occurrence 
(Hours from Launch) 


Anomalous Component (s) Launch 
Basic Spacecraft: 
o Attitude Control 

Digital Sun Sensor 
o Power Supply 
Battery 


10 

j 

i 

I 


100 

I 


1000 

j 


lOOOO 

j I 


I 


L. 


j.™ —4— — — -f— — — 4«— ^44— ^ 


Command & Data 

4^' 

Handling 


S-Band Transponder 

ir. 

Telemetry Encoder 
Spacecraft Clock 

4 *-' 

Orbit Adjust System 

jiai 

Thermal Control 


Structure 

2 

km\ 






Payload : 

o Heat Capacity Napping 
Radiometer 




Design Life: 
6,760 hi>urs 
(1 Year) 




100000 


Time of 
Occurrence 
Unknown 


End of Data: 
21,290 hours; 
HCCM deactivated. 


Legen d : 

Indicates that this anomaly is a failure, where failure is defined as the event that renders the subsystem and/or 
component unusable. 

^ indicates that this anomaly is not a failure. 
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PERFORMANCE SUMURY FOR AEM>2 (SAGE) 


Subsystca and 
Anomalous Cowponent(>) 

Basic Spacecraft: 

o Attitude Control 

Horizon Sensor 
Scan Wheel 

o Power Supply 

Batteryi^ 

Voltage Limiter 

o Comoiand A Data 
Handling 

Transponder 

Conoand Memory 

o Thermal Control 

o Structure 

Magnetometer 
Antenna Boom 

Payload : 

o Stratospheric 
Aerosol and Cas 
Experiment 


Time of Occurrence 



Time of 
Occurrence 
Unknowi 


25,270 hours; 
mission terminated due 
to battery failure. 


Legend : 

indicates that that this anomaly is a failure, where failure is defined as the event that renders the subsystem 
and/or the component unusable. 

indicates that this anomaly is not a failure. 


U Bcttery capacity started to degrade at 2050 hours and failed completely at 25,270 hours. 
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original page B 

OF POOR QUALITT 


SubsystcB and 


ftt(g) Launch 


patTOMMCE SMyutr for ats>i 


Tl** of Occurrooc* 
Otours fTon Li«ch) 
100 1000 


Basic Sfacacraft; 


o Structursl 


iattarv #1 


Batter\' #2 


Tlacr Tunioft Fork 
Oscillator 


0 CosBunl cat ions 

Receiving Antenna 

Integrated 
Transponder and 
Antenna Electronics 

o Phased Arrav Support, 
Spir Control and 
Stationkeeping 


c Meteorological IV 
Exr>eriT3ent for ATS-B 
Spin Scan Cloud 
Cane r a 

o \*HF Ccnrtun i c a t i on 5 
Experiment 

o Nutation Measurement? 

o Rescftcjet 
Ext £r iment 

o Environmental 
;'.?a5urer*ent s. 

I <per iTivent s 




+ H 




I — !-— K 

-Ml 

-^-4— -fi 

i ^ T: 


miai 





Design Life: 
26,280 hours 
(3 Years) 


Tiae of 
Occurrence 
Unknown 


Lnd of Data: 
1*»4,639 hours; 
end of report 
studv period-- 
ATS-1 is still 
operating . 


indicates that this anomalv is a failure, where failure is defined as the event that renders the subsvsteai and or 


coisponerr unusable. 

/a Indicates that this 


anottalv not a failur 


* if JTY ^ertorhance sirmary for ATS-3 


Siibsystca and 
Anomal ous CoM>onent (a) 

l«»lc Spacecraft: 

o Structural 

o Rover 

Batt*r>’ 0 } 

Batten* 02 

Solar Array 

c Clock 

c' Cowaand 

o Telemetry 

o Coamtunl cat Ions 

Integrated 
Transponder and 
Antenna Electronics 

Transttltter #1 

Transffiltter *2 

TransBitter #3 

Transfflltter #4 

c' Mechanical Antenna 
Support Spin Control 
k Stationkeeping 

Pavload : 

o Meteorological V 
Svsier 

c* Nutation 
Measurement s 

Scientific I 
Experlwent — 
Reflectometer Motor 
4 Motor Control 

o \'KT Communications 
Experiment 

c> Resistriet 

o Scientific III 
Experiment — Self- 
Contained ravlgation 
Svster 


Time of Occurrence 



L»ten d : 


3 «i.dl..t„ ,h„ , u .BCMIV 1, 2 M . f.llur,. 


e» and 'or 


9 


k liiiNiiiii tiiUii 


I 


FERFOKMANCE SIMIARY FOR ATS>S 



Subsyst«B and 
Ancmaloui Cot>onent(s ) 

Basic Spacecraft: 

o Structural 

o Power 

Solar Array #1 

Solar Arr*^ #2 

Battery 

Battery #2 

Bus Relay 

o Clock 

o Conand 

o Telemetry 

o CoBBBunicat Ions 

Integrated 
Transponder 4 
Anrenna 
Transmitter 
Electronics 

L-Band TWT #1 

L-Band TWT *2 

L-Band TVT *3 

L-Band TWT 

o Inversion 

o Statienkeeping 

Pa-Toad : 

o Nutation 
Measurements 

c Reslstojet 

o Lightweight Cravltv 
Gradient Experiment 

o Environmental 
Measurement 
Ex perlment 

o Mi 11 imeter Wave 
ExpcrlMnt 

o Television 


Time of Occurrence Time of 



study perlod-- 
ATS-5 underwent 
end-of-llfe test 


Letend : 

Indicates that this anomal> Is a failure, where failure is defined as the event that renders the suhavstem and'or 
component unusable. 

^ indicates that this anomaly Is a failure. 200 


OWGINAL page IS 
OF POOR QUALITY 


mPORHAHa. SUMMARY FOR ATS-e 


SubsystM and 


Ano— loua Co«poDapt(a) Latnch 
Sasic Spacecraft: 

9 Attitude Control 


10 


Tina of Occurranca 
(Hours fron Launch) 


100 


#1 Digital 

Operational 

Controlltr 


92 Digital 
Operational 
Control ler 


Analog Sackup 
Control ler 


Yav Inertial 
Reference Unit 


Actuator Control 
Electronics 


Earth Sensor 
Asseisbl V 


Polaris Sensor 
Asseabl V #1 


Polaris Sensor 
Assembly 92 


Interferometer 

1 


o srs 
srs ‘*1 
srs s: 

o St ruci ui e 


Earth Viewing 


o Parabolic Reflector 
o "nierTnal Control 


Opt leal Solar 
Reflectors 


Heat Pipes-- 
ArrvMi la 


Ant onnas 


1000 


10000 




). f. -^4 

4-4 

^ ^4-U- J 

ty— 




rn^mmmm m mm9( 


100000 


$ 

I 

•4 


—■ O 

— — 




Design life: 
I 7 , S20 hours 
{2 Years) 


^ • 


Time of 
Occurrence 
Unknown 


AA 


A 

A 


End of Data: 

AS , 3A0 hours . 

AfS-b aisslon lerrin.in 


Legend 

Indicates that this anomalv is a failure, where failure la defined as the event that renders the sub«vacafp and or 
component unuaablt. 

Indicates that this anomaly is not a failure. 

SP^ • Spacecraft bropulslon Subsvstea. 
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ORIGINAL PAW It 
OF POOR QUALITY 


mronuiics tmujct ro* *ts-6 

(Contlmi«d) 


Subsystta and 
Ano— loua Cowponant (a)_ 

(Basic Spactcraft. 
cenclnuad) 

o Cowunications 

C-tand 

Tranaalttar •! 

C-Band 

Trans«iit»T #2 
Band 

Tranaaltttr #1 
S'Band 

Transnittar d2 
L-Band 

Transtnittar #l 
L-Band 

Transmlitar #2 

l’»r Transmit tar #1 

UHf Transmlttar d2 

Svnt has liar 

Svnthaslrar *2 

IF A«r’ 1 f ^ 

IF Airpll f lar #2 

IF **3 

Monopulsf 
Fqu iptsanf 

HET-^ Equipment 

Radio Beacon 
Electronics 

RFI Expar^aant 
Equlp’^enl 

, Talamatrv i Command 
DAO- M 
DACV 

Spacecraft Clock 



Inland ■ 

indicate* tl'it tM* anoaalv la a (allure, 
tomponant unuaaMa. 


where (allure la daMnad as the event that 


randars tha auh*.aia» and or 


Indicate* that this anomaU 1 * no« a (allure. 


I t • Data Acquisition and Control I'nlt. 

2 / MET • Mlfh tnariT Talascnpe 


ORIGINAL PAGE IS 
OF POOR QUALITY 


PERPORMAMCE StJItURY FOR ATS-6 
(Cenclu4«d) 


Subsist** and 

IfliWilam CgipQPtDiUi 

(iaaic Spacacraft. 
cont lnu«d> 

o PovaT 

Solar A-rav #l 
Solarv Arrav 02 
Shunt Plaalpatora 
iattarv •! 

Rattarv 02 
Pavload t 

o Off E*parlaiant» 

Ion Cnplna 0\ 

Ion Enjitna 9 2 

l*NH^ Low Enar*v 
Prol on* E lact T«. n* 
Expar liMnt 

Auroral 
Part ill#' 

Expar imant 

I’CLA- Mapnatowalar 
ixpar ta»ant 

l*nivaT»ttv of 
Mtnnaxota Elaotron/ 
Prot on Spac t romat ar 

Mvijtha« Aircraft 
Solar Call 

Radiation Expariaant 

Aaroapava forporation 
ibinid tract ional 
Spac t roixa tar 


VlffR** 


v,»uartr Crvttal 
Hicrohalanca 

MiUlaatar W*va 
lxp*r iaant 


I 



r 

f 


I 


i 

t 

i 

i 

[ 



Lafand 

O tndtc.t.. II..I IM. .«o«lY i. * t.Uur., f.Uulc !• •• th» .vtM that th» .ub.vt.- .nd oi 

roaponant unutabla. 

^ Indt ata* that thl* anoaMlv ia not a fallura. 


I UNH • l»nl¥ar~*rrv of Raw Naapahlra 
V UCSP • Itnlvaraltv of California, San Pla|o. 

)/ ITLA • Univatalts of rallfomla. toa Angala*. 
4 VRRft • Vary High Raaolnflon Radlowtar. 
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PCRPORMANCe StMURY FOR DE-1 


ORIGINAL PAGE tS 
OF POOR QUALITY 


Subsysttn And 
Aho«a1ou» CoAponAnt(i) 

Ratlc SpACAcraft: 

o Attitude DacarmlnA' 
tlon and Control 

Dttltal Solar 
Aspect Sensor 

o Fover 

o CoaiBun lest Ions 

S'Bsnd Transponder 

o Connsnd f> Data 
Handling 

Connand and Tele- 
metry Processor 



Connand Menory 


i 4 


Time Base 
Connand 

Distribution Unit 

Remote Teletsetry 
Module 

o Thermal Control 

Active Portion 

Louver 

Controllers 

o Structure 

Payload : 



Time of 
Occurrence 
Unknown 


r Triaxial Fluxgate 
Magnetometer 

Pls'i.T Wave Instru- 
ment with Stub Boom 
Assembly 

o High Altitude Plasma 
Instrument 

o Retarding Ion Mass 
Spectrometer 

o Spin Scan Auroral 
Imager 

o Energetic Ion Compo- 
sition Spectrometer 




End of Data: | 

8,690 houTSi I 

end of report • 
study period— • 
OC-1 Is still 
operating. 


Desitn Life: 
13.140 hours 
(U months) 


Legen d : 

o indicates that 

cofiponent unusable. 
^ Indicates that 


this anomaly is a failure, where failure is defined as the event thet rendtre the subaystem and/or 
this enomely le e failure. 
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ORIGINAL PAGE 18 
OF POOR QUALITY 


FWrOtMAIICt SUMUKY FOU DE-2 


SubtyatMi and 
Anoiloua Co»pooant(a) 

laaic Spactcraft: 

o Atcituda Dttarmina- 
tion and Control 

Digital Solar 
Aapact Sanaor 

Pitch Control 
Elactronics 

o Power 

Bactary Charger 
FI 


Battery Charger 

n 

’ Cotnmmicat ions 

S^Band Transponder 

Conmand S 
Data Handling 

Command and Tele- 
metry Processor 

Time Base 

Remote Telemetry 
Module 

Word Enable 

Distribution 

Circuitry 

o Thermal Control 

r Structure 

ra\ load : 

Fluxgate Magnetometer 

Langmuir Probe 

Neutral Atmospheri 

Composition 

Spectrometer 

0 Wind f Temperature 
Spectrometer 


Tiaa of Occurrence 





-i! 


End of Data: 
8*690 hours; 
and of report 
study pariod-- 
DE-2 is still 
operating. 


II 


100000 


i 


i 


{ Design Life: 
• 13* UO hours 
(16 months) 


Tima of 
Occurrence 
Unknown 


Legend ; 




d/or 


Indicates thst this snomaly ta not a failure. 
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ORIGINAL PAGE 18 
OF. POOR QUALITY 


imtmlou* C oMjo n iM U) 

(Payload, cootlouod) 

• loa P¥l(t Motor 

o lotordini Petontiol 
dMlyoor 

e Pobry-Poret 
lotorftroaotor 

0 Low Altltudo flooMi 
loot runout 

o Poctor Cloetric 
Flold Inotrunoot 


Tint of Occnrronct 


insr 


T58boo 


Launch 


10 




Tint of 
Occur rtnco 
IMknown 


Ind of Ooto: 
••890 howrt; 
and of roport 
study poriod— 
OE-2 lo still 
oporstiog. 


Ooslgn Lift: 
11 ,140 hours 
(18 nonths) 


Ltgond : 

O indlcsctt that this soonsly is s fdiluro. vhort fsiluro is dofinod ss tht tvoot that rondtrs tho subsyston and/or 
conpenont unuooblt. 

^ iodicotts that this snonsly is sot s fsiluro. 
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PERFORMANCE SlAtURY FOR G0£S>1 


ORIGINAL PAGE n 
OF POOR QUAlir? 


SubsyitcB and 


AnoaalouA Coaponant(») Launch 

Basic Spacacraft’ 

o Attitude Detcrmina* 
tion i Antenna 
Control 


10 


Tise of Occurrence 
(Hours froa Launch) 


100 


1000 


lOOOO 


100000 


1 / 


o Auxiliary 
Propulslor 

Thrustfcrs 

o Apogee fioost Motop^‘ 

o Power 

Solar Array 

o Telemetry A Conanand 

Telemetry 
Encoder #1 

Telemetry 
Encoder #2 

o Communications 

VHF Transmitter #I 

VHF Transmitter #2 

S'Band 

Transmitter 

S'Band 

Transmitter #2 
UHF Antenna 
Pavload : 


o VISSR-^ 


c Spuce Environment 
Monitor 


tmmmmmmM 




j 


i 

sa^a 




^ H ). 401 




“fa 


j i. 4. ^ 


Energetic Partlc'e ^a 

Monitor 




Design Life: 
26,280 hours 
(3 Years) 


Time of 
Occurrence 
Unknown 


End of Data: 

57,290 hours; GOES-1 
is cn standby status. 


Legend : 

indicates that this anomaly is a failure, where failure Is defined as the event chat renders the subsystem and/or 
component unusable. 

indicates that this anomaly is not a failure. 


2/ The apogee boost motor is a one>shot device and has a normal lifetime of 2<> houri 
2/ VISSR ■ Visible Infrared Spin Scan Radiometer. 
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PERFORMANCE .SWtURY FOR COES-2 


Subsystea and 

Anoaaloua Coaponent(a) Launch 


10 


Tiae of Occurrance 
(H ours froa Launch) _ 
1000 


100 


ORIGINAL PAG 
OF POOR QUALITY,^ 

10000 IWOOO 


Occurrence 

Unkno%m 


Basic Spacecraft: 

o Attitude Determina- 
tion & Antenna 
Control 

o Auxiliary 
Propulsion 


1 / 


o Apogee Boost Motor- 
o Power 

o Telemetry i Cownand 
o Communications 

UHF Receiver #1 
UHF Receiver #2 
S-Band 

Transmitter #l 
S-Band 

Transmitter #2 

S-Band 
Receiver #1 

S-Band 
Receiver F2 

o VISSR-^ Digital 
Multiplexer 

Payload : 

o VISSR 

c Space Envlrcnment 
Monitor 

Solar X-Ray 
Monitor 


a...— d— . 

: 

I 

i 


d— — 4— — — I 

^ 4 

4 

4 


i • 

I • 

• • 

; : 


^ 


4 1- — + — f“?q 




-4a 








Design Life: 
26,280 hours 
(3 Years) 


End of Data: 

42,670 hours; end 
of report studs 

period--G0t^-2 is 
still semioperaiionai . 


Legend : 

Oindicates that this anomaly 
component unusable. 

A indicates that this anomaly is not a failure. 


1. . -h.r. f.llur. i. O'fin.a .. th. .v.nt th.t render, th. -b.y.t... 


,/ Th, boo ir^to, i. . a.vlc. h.. . nor«l of 2* 

T/ VISSR • Visible Infrared Spin Scan Radiometer 
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PERFORMANCE SIMURY FOR GOES-3 


OniGlHAL 

POOR 


PAGE 18 

Quality 



SubsystcH and 
Anoaalous CoTonent(a) 

Basic Spacecraft: 

o Attitude Determina- 
tion A Antenna 
Control 

Side #1 

Side #2 

o Auxiliary 
Propulsion 

o Apogee Boost Motor^^ 
o Power 

o Telemetry A Coosnand 

o Communications 

o VISSR Digital 
Multiplexer 

Pavload : 

o Visible Infrared 
Spin Scan 

Radiometer (VISSR) 

o Space Environment 
Monitoring System 

Energetic 
Particle Monitor 

Solar X-Ray 
Monitor 



Time of 
Occurrence 
Unknown 


A 


End of Data: 
33.910 bcursj 
end of report 
study period-- 
GOES-3 is on 
standby status 


indicat''s that this anomaly is a failure, where failure is defined as the event that 
component unusable. 

^ indicates that this anomaly is not a failure. 


renders the subsystem and/cr 


U The apogee bo^st motor is a one-shot device and has a normal lifetime of 24 hours. 
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SubsystM and 
Anoaaloua Coaponent(a) 

Basic Spacacraft: 

o Attitude and Orbit 
Controls 

Daspin Bearing 
ArtcnbXy 

Daspin Electronics 
Radial Thruster #1 
Radial Thruster #2 
o Power 

Battery #i 
Battery #2 

Q Apogee Boost Motor A 
Ejection MechanissJ/ 

o Telemetry A Coanand 

Consnand Dcmod/ 
Decoder 

Central Telemetry 
Unit #1 

Central Telemetry 
Unit #2 

o Thermal Control 

o Structure 

o Communications 

S-Band Transmitter 
& Power Amps #1 

S-Band Transmitter 
A Power Amps #2 

STD?^^ Telemetry 
Transmitter #1 

STDN Telemetry 
Transmitter #2 

CDA^^ Telemetry 
Transmitter #1 

CDA Telemetry 
Transmitter #2 


PHTOMUHCE StMUXY PO* OOES-4 ORIGINAL PAQR fg 

OF POOR QUALITY 


Tima cf Occurranca 

(Hours from Launch) 

Launch 10 100 1000 lOOOO 



operating. 


Time of 

Occurrence 

100000 Unknown 



6i ,320 hours 
(7 Years) 


Indicates that this anomaly is a failure, where failure is defined as the event that renders the subsystem and/or 
component unusable. 


A 


indicates that this anomaly is not a failure. 


T7 The apogee boost motor and ejection mechanism is a one-shot device and has a not.-nal lifetiM of 24 hours. 
2/ STDN • Spaceflight Tracking and Data Network. 

3/ CDA « ConaMnd and Data Acquisition. 
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ORIGINAL RAGC |f 
Of POOR QUALITY 


mm6 

Aaa— loif r iw u >iiit(») 

■•sic %foc%ctmfti 

o Axtit%t4m Mkd Orbit 
Coatrol 


iMctlM CMCrcl 

Systra 

O PotfT 

Arrays 
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.Battary $2 

o A^ofaa Boost Motor 4 
Cjactlon Nachaaia^l/ 

c Talaaairy 4 Covaand 

Cantrsl Talaaatry 
Untt r] 

Cantrsl Talaaatrv 
Una #: 

e Tharaal Control 
o Structura 
o Cowunlcatlcmt 
UHF 

Aacalvar #] 

OCT UHT 

Racalvar 92 

favlosd . 

c Vltibla-lnf rarad 
Sriti Scan Rsdioaatar 
Ataotphtrlc Soundai 

o Spsca Environaant 
Monitor 

Cnarfatlc Farticlr 
Sansor and KE?AI>2 


ttea of OccmTMca 



: 

• 

End of Data: I 

10.440 hours, I 

and of raport • 

study parlod*- 

ooEs-s is sun 

a^rst ing : 


Tlaa of 
Occurranca 
ttaknosan 


A 

A 


A 


A 


A 


A 


Dtslgn Lift : 
41 , 3?0 hour » 
(7 Yaarsl 


Lssand 


^ *rl!^***‘ aiio^lv is a fallura. rS«ra falUra Is dafinad ss tha 

^ indiratas that this 


aaant that raadars tha t^syataa and/or 


ly Is not a fallura. 


T 7 fhT •pogaa boost aotor and ajac 
./ DCP - Data Collactlon Platfora 
} RtPAT • High tnargv fart Ida Da' 


Ion aathnals* is a nona*shct dav 
at t c» 


cf and has a normal llfatlaa of 24 hours 


V 


2 


<3 < 



dwJiloy C— BatBt 
Wmmic SMc*cr«ft: 
p kttitpdp Control 


Optical Solar 

Aapact Soaaor 


o CoMunlcation and 

Data 

Tranaaittar #1 

Tranaaltttr #2 

Klaa Codad 
Modulator Eacodai 

o Structure 

Dipola Antanna 

Pavload : 

c Coaaic K.a\ 

Acer I ar one tar 

o Enerfetic Elactror 
4 froton Datacter 

c Charaei Eartlcle 
Count ei 

v' flatria I lectroatat Ic 
Anal \ ztz 

c Trtavidl Fluvgate 
Hif'et .'meters 

c Elect rcata! jc Fieldk 
E»per imer.t 


w»rotMA>iCE tntuRY roit ur-« 


Tlaa of Occurraoca 
CMoora froa La«aich) 

i55 iSoo 


ORIGfNAL igi 
OF. POOR QUALriY 



........ ....~.t.... 2 ..J 

ZX.!X“Iij 



— 7 — 






j i 



“^’Tr“ 


Tim of 
Occur ranee 
Unknown 


Daalfn Ufa: 
17*520 hour a 
(2 Taara) 


Laienj 

lrc*icate» that thia anonalv it • failure, where failure it defined at the even that rendert the auha't'er and 
coapenent unuaable 

^ indicate* that tMt anc*malv it not a failure. 


original PAOt W 
OF POOR QUALITY 




furcmiuKE SMUKT rai im-i t 

f 


Ubmymtmm and 
imomaloaa C amom m (m) 

••sic SracAcrsft; 

• Msssursd 

tamaot 

o kttltada Control 

AttlCu4o Control 
Cloctronlco 

o Pot-nr 

lottory 

o Doto londllnt 
0 Structuro 
o Thomil Control 
Fsylood: 


Tin* of Occorronco 



o ioono 

o Fast Flosoa 
Cxporlnont 

0 Fast Eloctrona 
Eapcrinoat 

o Lov Enorgy Protons i 
Eloctrona Ezporioont 

c riuxgatc Nognotonotor 

o Low Energy Cosmic Ray 
Exporloont 

o Quaal-Stato Electric 
Fields Experiment 

o Plasma Waves 
Experiment 

o Plasma Density 
Experiment 

o Energetic Electrons 4 
Protons Experiawnt 

e DC Electric Field 
Experiment 

o Electrons 4 Protons 
Experiment 

o^r Composition 
Experiment 

o Very Low Frequency 
Wave Propagation 
Experiment 



Time of 
Occurrence 
Unknown 


••sign Life: 
F4,2S0 hours; 
O Tears) 


End of Data; 

41 ,100 hours . 
end of report 
•tudv perird-- 
ltCt-1 is still 
eperat In^ . 


Legend : 


*• • *• .. 

^ indicate 


that this anomaly is a failure. 
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mFOMUHCC SDMUllY fOtL ISEC>2 


ORIGINAL PAGE IS 
OF POOR QUALITY 


SubsyttM 

lows C oMpo nt iit (•) 

tesic Spsctcraft: 

o AtClcud# m 4 Orklc 
Ceotrol SyttM 

o Fowct 

o Data Handling and 
Tcltcowinlcations 

o $tr^»cturc 

o Tbarmal Cpntrol 

Payload: 

o iocna 

o Fast Platna 

Exparlnant 

o Low Enargy Protons 4 
Elactrona Exparlnant 

o riuxgata Hagnatonatar 

o Platna Wavas 

Exparlnant 

o Platna Danalty 
Expar Inant 

o Enargatlc Elactront 4 
Protons Exparlnant 

0 Elactrons ft Protons 
Expar Inant 

o Solar Wind lont 
Expar inant 


Tina of Occurranca Tina of 

(Hours Iron Launch) Occurranca 

10 ioo 1000 10000 l55000 unknown 



Daslgr Llfa : 
24.280 hours 
(3 Taart) 


: : 


End of Data: 
41.600 ‘ urs; 
and of : 't; 

ttudv ; r-- 

IStl-: .til 


oparat . 


Lagand : 

Indicatas that this anonalv It a failure* utiera failure It defined ai the event that renders the t star and or 
cotaponant unusable. 

Vindicates that this anonaly Is r^ a (allure. 
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mrOKNAIICC tlMUItY FOt UCt -3 


ORIGINAL PAHE 19 
OF POOR QUALITY 


SubsystM Mid 
Ano«alou> Co«poii»tit(t) 

Battle Spacacrafe: 

o Attltuda Naaaurt«ant 
Syataa 

o fropulttlon 

fropulalon 

Elactronlctt 

e FovttT 

lattary 

o Data Mandlint and 
TalacottMunlcat ions 

o Structura 

c Thtr»ttl Control 

favlottJ : 

o ioors 

0 X-Rays and Cltcirontt 
Expar latnt 

o Solar Wind Mattt.a 
Exparlaant 

o frotons Expari*tnt 

c Hl|h Enar|v Coaalc 
Rav txpariaam 

c Low Enargv Cotnlc 
Rav txparinant 

c Cotalc Rav 
Expar iRM'.it 

o f^4i»tn» Coapottltion 
txpar lixari 

o Vactrr Halluv 

Hapnatoaatar 

c Hi|h Enargv Coaxlc 
Ravs Exparlaant 

o Hadlur Enargv Coaalc 
Rav s Ixparlacnt 



Tl*a of 
Oceurronca 
Onknovn 


End of Data: 

34 , 7 SO hour* . 
and of rap'^rt 
aiudv paMod-- 
ISEfO 1* tttlll 
aparat ing 


Lagan.* 


Indlraia* that 
coaponant unusabU 




indlcaiaa that 


this anoaalv la a lallurt, vharv fallura la daflnad aa tha avani that 
IM* anotsalv ta net a fallurt 


randara tha aubavaiaa and^.r 
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ittim iilik iMJi 


091 C:-<NAL PAG'J IS 
OK FOR QUALITY 


I 111 TmrnrUtt 
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-mr 
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Cvrc Unit 
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Sensor dt and 
Ilectronlct 


Sensor #3 end 
tlectronlcs 


Cowun 1 c a 1 1 cn» 
o Cowsnd 

Co«»ant! decoder dl 
Dec Oder 

o Data Mar. tn( 


Data *tult trlss*' 
Sut*> ai er 


Data Hult IrleveT 
Su^s^atee *3 


irn-S.'aT»! Cotif'utet 


f roi-easor 

K'JuU »I 


fro* e%*oT 
Hi'du f 


c fowet 

c St r VK t of • 
o Afofe# Soost Motor 
o TSenaal Cent f . ' 

Na a t e r • 




I 

H — 



mmrnmmmmmmn 


• I I i j t: 

- 1 — 



; ■^““L 




t 


r 

i: 




L. 


s< aa»< 


Lai 


■aa#f 

I 




• I . i i 


T 


Ind cf Data 
Sf.SOO hours, 
end of rercTt 

Mudv ^rtod** 

IVT Is aim 
ofetat ins 


TSm of 
Ocevrrence 


Deaipn IMv 

4 J.I 00 hoot* 
(S Yeara' 


legend 

Qx.6U», .M. ."<•«•< .. . t..U.r I. •-» *'- - 

< ovnonent unmaMf 


^ indtiatat that thia anooaU l» nr< a faliuir 


I the Afoiee hoost ociVr la a cne-shof dsviit and has a nomal Itfetli 


mroiMAKcc sumAKY ton v 

(Contlnutd) 


PAQi IS 

OF POOR QUALITY 


SubcysKM Mtf 


TIm pf OccurrPBcp 


Fay load: 
o Optical unit 

rina Sanaor #l 
flat SanapT #2 
p laat* I>PtPctora 

Lons Wavalangth 

CaMra #1 

Lons Vavalangth 

Cantra #2 

Short UavaUngch 

Canera #! 

Short Wavalangth 

Camara #2 

o Cxrarimant 

Hactronlca Aaaaablv 



nji 


End of Data: 
39,S00 hours; 
and of raoort 
atudv parlod — 
lUE la at ill 
oparating. 


Daaifn Ufa: 
43 ,iOC hours 
(3 Yaara> 


Q Indicatat that thla anoaalv ia a fallura, vhara failura ia dafinad aa t 

voiiponent unuaabla. 


ha avant that randart tha auhavataa and or 


indicatas that thla anoaalv ia not a failura. 
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PEEPOMUKCE SUmAXY POX LANDSAT-2 


ORIGINAL PAGE tS 
OF POOR QUALITY 


Subsystem snd 
Anomalous Compon«nt(s) 

laslc Spacecraft: 

o Conand Clock 

Clock 

VHP Command 
Eecelvcr 

o Power 

CoMsnd Clock 
Power Supply #1 

Command Clock 
Power Supply #2 

Battery Module 
Assenbly 

Solar Platform 
and Array #1 

Solar Platform 
and Array #2 

o Versatile Information 
Processor 

o Attitude Control 

Yaw Reaction 
Wheel 

Roll Reaction 
Wheel 

Magntiic Moment 
Compensat ion 

Assembly 

Rate Measuring 
Packs V *1 

Rate Measuring 
Package *2 

Orbit Adjust 
Syste- 

SolsT Array Drive 

c Spacecraft 

o Command Integration 
Unit 

Comnand Integration 
L’nit Assembly 


Time of Occurrence 
(Hours from Launch) 

Uunch 10 100 1000 10000 100000 



Oesign Life: | 
S,760 hou*s * 
(1 Year) 


Time of 
Occurrence 
Unknown 


A 

A 


Ind of Data; 
65.S63 hours; 
UMDSAT-: Is no 
longer operating. 


Legend : 

indicate! that this anomalv is a failure, where failure Is defined as the event that renders the subsvster and cr 
component unusable. 

^ Indicates that this anomaly la r^ a failure. 
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fUTtmiWCl SIMURY FOR UNDSAT-2 
(Continued) 


ORIGINAL PAQC |S 
OC POOR QUALITY 


SubsYtttn and 
Anotlous Conponant(») 

(Sasic Spacacraft. 
contlouad) 


o Auxiliary Frocassor 
Unit 

o Fowar Swltchlr.f 
Module 

o Vide Sand Frequency 
Modulator 


1 


Unified S-land 
Equipment 


I 


Narrow Band Tape 
Recorder 


I 


Narrow land 
Recorder* 
Reproducer #1 


Narrow Band 
Recorder- 
Reproducer #2 


I 


o 


Premodulaclon 

Frocesior 


I 


Uide Band Video 
Tape Recorder 

Transport Unit #1 

Transport Unit #2 

Electronics 
Unit *1 


Electronics 
Unit 92 

o Vide Band Amplifier 

o Communications and 
Data Handling 

Telemetry 

Converstlon 

Module 

o Miscellaneous 
Structure and 
Thermal Control 

Fayload : 

o Return Beam Vldicon 

c ^ultlapectral Scanner 
System 

Scan Monitor 

Aasembly 

o Data Collection System 



UUIDSAT-2 is no 
longer operating. 


tegend : 


Indicates that this anomaly is a failure, where failure is defined as the event that 
componert unusable. 

^ indicates that this anomaly la i failure. 220 


rendara the oubayatem and/or 


r 


OH 


OmcWAL PAGC IS 

OOR QUALITY 


rnroKMAMct siiaujtv ro« undsat-j 


SuSayat** and 
Ai>o«aloua Coa»oaaat (a; 

iaair SpacacraM: 

o Co^%d/Clpc^ 


COHSTOR-A 

COrSTOR-l 

Co^Mnd Natru 
Aaaa-'Mx 

ECA.H'* 

c Power 

ScUt PlatforiR 
Arr«\ 

o llacmcal Intarfavr 

Auxt 1 tarv 
PrvH«*alnA l*nit 

' At t it u C» nt rol 

Sx'l4t Arrav Drive, 
left 

Rate Heaaurint 
"ackapr. A 

Rate Haatutina 
Pa. ^aar . R 

At t uudr 

Naa'..;r»»ent Senv.'i 
St ru. t nT r 

WidrSa-/ 

^ .'nru-^ 1. at ion'* 

S-Bar>j 

1 1 anir It t er P J 

S-Ban.^ 

1 rantoiit ter 

WB\ Tir' a; 

WTi MB •; 

Telae>etT\ and 
Tat a Hand 1 inj 

Th#r-\a: Control 


LarmcH 


ti«t of Occurranca 

J Uj,', I,. 


URT 


I L .j— —.J. — 





r- 

A" 


^ 


k. 


1 

: 


...i. 

! i i 



* w V M ■ ■ SIB s ai aa ^ ^ ^ ^ ^ ^ ^ ^ m s s s b * 


Ria 

iaa 



"TOcoo 


teltfr U(»: ^ I 

iB.^RO hour a * 

O P*'* 

3B,SnC hour and 
report «tuo . tr i 
t ,n : 

Ot'rl at 


leaend 


“ * *• •• 

li>di.«t», ,h., ,M, moimu 1 . m-i . 


>' »‘*X . im Co«l.nd *„., 1 ,,„ 

W»VT» . WIJ* »«nd Vi4*.- T«pt »»,,-t>l»t 
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TIm cl 

Occurrence 

Uwknovn 


-3 




ORIGINAL PAGE 18 
OF POOR QUALITY 


TiM •i OccwrrMic* 


Tl«t of 



oo4 of ro^n 
^rlo4*-UKD&AT*3 U 
•till oMTOtlot* 


lOAOwd : 

Otndiot.i th«t thU .noMly 1 * • Utlur.. trtMT* l.lluf. !• #.fli-d •• »»• *wt th«t r«* 4 *r. th* •»k«y*tM •i.d/ot 
coolponant unuoablo> 

Zi ln4icat«< that thl» aoeMly !• • fallura. 
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MUfORMANCE SUIMAItT FOU LAHDSAT-4 


OWGfNAL 
OF POOR 


page fS 
quality 


Subsyttca and 
Ano— loua Cowponant (a) 

iatlc Spacecraft: 

o Power 

o Attitude Control 

o Propul a Ion 

o Sitnal Conditioning 

o TKenMl Control 

o CoaDjnications and 
Data Handling 

Payload: 

o Telecoenunications 

K /S-Band Antenna 
u 

c Thematic Mapper 


Time of Occurrence 



Time of 
Occurrence 
Unknown 


Legend : 

th« thi. .no«.ly 1. . f.lXut.. *h.r. f.ilur. 1. d.fln.. .. th. tv.nt th.t r.nd.r. th. .ub.y.t.» .nd,V. 
component unusable. 

Alndi:at«» that thla anoMly 1» • lailor*. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


PERFORMAUCE SUIMARY FOR MAGSAT 


Subsystca and 
Ano— loua Cowponant (>) 

Itoftic Spacecraft: 

o Attitude Control A 
Stabilization 

o Rover Supply 

o Tc lee osMunl cat ions 
Syaten 

Tape Recorder #1 
Tape Recorder #2 
o Attitude 

Determination System 

Star Camera #1 

Star Camera 12 

Precision Sun 
Sensor 

Coarse Sun 
Sensors 

o Attitude Transfer 
System 

o Structure 

o Thermil Control 

Payload: 

o Scalar 

Hagnetometer 

o Vector 

Magnetometer 


Time of Occurrence 
(Hours from Launch) 


Launch 


10 


100 


1000 


10000 


: 

O 

i.. 






■t1 




I 

!>. 




Design Life: 
3,600 hours 
(150 Days) 


Ettl of Data: 
5,400 hours; 
MACSAT reentered 
the atnosphere. 


Legend : 

O Indicates that this anomaly la a failure, where failure la defined as the event that renders 
component unusable. 

^ Indicates that this ^inoaaly la a failure 


Time of 
Occurrence 
100000 Unknown 


the subsystem ard 
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Subsystev and 

Ano—1 out Coapopgnt ( > ) Launch 

Basic Spacecraft: 

o Spacecraft Aaae«bly 

o Power Supply 

Battery Module 

o Attitude Ccmirol 

Attitude Control 
Systev. Assembly 

Pitch Reaction 
Wheel 

SAI^'^/Sun Sensor 

Rate Measuring 
Package 

c Clock 

Clock 

0 Communications 
2 t 

HDRS&- Tape 


FERPOBHRIiCt SMIART FOR SlMIUS-4 


Time of Occurrence 
manure irem Launch) 


ORfCfNAL PAGr f: 

Cr POOR Q'Mi.rry»>» 


Transport 

KDRSS Tape 
Transport *'2 

JDRSS Recorder 
£le:ironiv s 
A^ser.biv 

HI-S 5 Recorder 
Electronic s 

AsseTTbl'- t-Z 


c ir:?^- 


-,C' IRIS D 
Electronic s 

c Satellite Infrared 
Spt . trotneter 

Sf'.sor\ Ring 
tie . tronic s 

Biav P;>wer 5 j;rl\ 

0 MVSl- 

*r. ?l Seos.^r 
Pa^ mg;* 



Occurrence 

Unkn-.HJT. 





: j 



i 

■ 





• • 

• « 






1 

% * • 

• : • 

• : • 

• : • 

_ 



• i 

• : 
• ; 


Design life 
B . bC' hours 
(1 Year' 


End of Data 

S" ,b0^ h-' jT t . 

S-- deact ivate. 


indicates that this anoisal’ 
L omponert unusah * 

i!^ indicates that this anr»mal\ 


is a failure, where failure is defined as Ih* event 
is not a failure 


that 


renders the sub*' sier 


1 , Sa: • Sc lar Arra\ Drive 
: HDRSf • Mlp^ Data Rate Storage Svste- 

1 , IRIS • Infrared Inter ferometet Spec t r c'tne i er 
s' MISI • Morlirr lltravlojei Sclar Energ 
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aIm 


e nosi^ 

ly s TraMMltter 

tot* «»d m if lM 

Mpdulc 

o iMgc tettciOT 
Cmmf System 

o Filter Hedge 
Spectrometer 

c SC*- 

SCK Electrottics 
Module 

r Versetllc 
Informst icm 
Frocessor 

C 

SIT Electrometer 

Assembly 

SIT Sensor 
Electronics 

r 


It(s) Immmcb 


10 


mrOMMCE SMMIt fOft VXMSOS-^ 
(Ceatlmse4) 

Time ei a'tcmnremce 
Cl^f frm^ t mee cti 


ORIC31NAL »-* 

OF POOR Q’JA'JTV 


T5T 


TW55" 


1 



! 

i 

■ 

j 




— 

n 






- 

1 

1 

■ mssM emamememe 



4 


!■* — ^ 

i 

1 



S' ^ 



I 

i 

i 

1 

1 i 


1 




190000 




TIm of 
Occurrence 


6«760 hours 
<1 Ytsr) 


End of Osta: 
gT.bOO hcjrr; 
S1MSIS-* desetivste 


Leiend 


Q indicates thst this enoemly is • Isilure. mhere 
component unusable. 

^ indicates that this anomaly is not m failure. 


f»lluT» U ttfinti •> the #*«rt th«t r«»d«r» th« »ub»>«t« 


T"; JAL5 ■ Interrogation Secording Location Sysier.. 
T' • Selective Chopper S»dl6meter. 

3/ S’T • Sackscatter Vltravlelet . 

THIR • Temperature 'Sumldity Infrared fcadiometer. 
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ORIGfNAL PAGE fS 
OF POOR QUALITY 


rEftFOtMAllCE SUMAIY F0» KlIOLS-S 


Subiystc* «Bd 


Tiae of Occurrooc* 
Clours froa Lsunch) 


Tape Transport 
Can Asacad^Iy #1 



Tape Transport 
Car. AssetcbU p 2 


c Power 


Aat icry Module 

Assembly #1 


batter;. Module 
Asserr.bly *2 


Ba'tery Mrdule 
Afftrt:v »3 


battery Moduie 
Assembly *'4 


batterv Module 
Assembly r5 


batterv Mod-le 
Assembly *6 


batterv Module 
Asser‘bI^ *1 


Batterv Module 
Assent:; 


c Spatecraf t 


c Miscellaneous 

Mr.-.ture s Ther-a! 
(rrt: , 


RF Transritter *■ \ 
RF Iransritter 


^ : I I 


r-* 


I 

1 : 

•mmmpmm 

...pi 


A. i. 


• 

• 


' » ^ ^ ^ w • 1 

j { 


• 

• 

• 


Tfae of 
Occurrence 
Unknown 


Design Uf» : 
h.urs 
(1 >eart 


i 


• Ind rf 

iv- ' ..r * . r-. 

re, rr : st uc . t r i 

rr or a t : ' . 


Legend ■ 

Indicates that this anoaalx is a failure, where failure is defined as the event that renders the subs'stee and 
coaponent unusable . 

Vindicates that this anomalv is not a failure 


1^ KDRS8 • High Data bate Itcrage Svttee 
\1R • Versatile Inforisatlor frc'cess’'f. 
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narottuncE summit rot iiiMus-s 

(Coatlau*4) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


SubtyttM and 

Aao— lou» C oMgo n ut (•) 


Payload: 


1 / 


Multiplaxar and TCC 

Aaacably 

o ESMt Ufic Box 


o 0 Aaaa^ly 

lay e> 

Cable Aasaably 

Draod Drive, 
Channe 1 3 

Cable Aaaaably 

Deaod Drive, 
Channel -i 

Cable Aaaeably 
Deaod Drive 
Channel 5 

Cable Aaaeably 
Signal, Channel 3 

Cable Aaaeably 
Signal. Channel ^ 

Cable Aaaeably 

Signal , Channel b 

Cable Aaaeably 
Hixer /IF, 

Channel 3 

Cable AaaeabiV 

Mixer MF, 

Channe 1 - 

Cable Aaaeably 
Mixer IF, 

Channel b 

c SCMP- 

c SCMR M,.:tlplexe: 

o SCKK Recorder/ 
Reproducer 

lape Recorder 

Rerrodacer llec- 
t r r*.: . V fover 
^”Supp 1 > 


Tlae of Occurrance Tlae of 



cperaim^ 


la tend . 

induatea that iMa anoaalv la a failure, vhaie failure la defined at the event that 
coBpe^ent unuaable 

Indlcatea that thit anon.1% la not a f ai lur< 


rendera the aubavater and/or 


1/ E5» • Clectrlcallv Scanned Microwave Radloaeter 

i/ ITPR - Infrared Tenperature Profile Radloaeter 

)/ RtHS • Rl»bua>E Microwave Spectroewttr 
L SCMR • Surface Cowpoaltlon Mapping Radlne^ter 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


mrtMWCi sutuRY m iiikbus>3 

(Ceoclua«d) 


Subsyst** *nd 


alou> ConDonTi(») Launc h 
(Pay load* contlnuad) 
o $CIH 

SCR tlactronlca 

SansoT Hodula 

Analog/DlfUal 
Convartar and 
Huliipiaxar Soard 


10 


Tiaa of Occurranca 
(Moura frow Laaoch) 


100 


1000 


10000 


TI55000 


c th:r^ 


lect' : 


k 

+— — 4fO 


Daaign Ufa: 
•*760 hours 
(1 Yaar) 




End of Data; 
e-.30r h. urs; er.d rf 
report »tJi- c-- 

NIMB'. if. ft..: 
opera: inf. . 


th.t thl. .noMly 1. * f.ilur., wh.r, f.llur. i. dtfin.d Ih. .v.nt th.t r.nd.r. th. .ub.y.fr .rd/>-r 

coirpcnent unusable. 

Al inJi:a:*i that this anoaalv Is net a failure. 


SCF • Sale.tjv* Chopper Raiioffater . 

T1 • b.jr;jitv Ir.frared Rad i ort t *• i . 


t 
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mroouiKX tmyjcc m «imus-6 


ORIGINAL PAQC IS 
OF POOR 


SubtystM and 

dftoaalowt Co»ponant(a> Launch 


15" 


Basic Spacacraft: 
o Attitude Control 
Taw Baactlon Miaal 
e Clocli 
Clock 
Talanatry 


Hatrlx 


o HDRSS^^ 


Hultlplaxer A 
Nultlp]ax«r B 


HDRSS Recorder 
Electronics #1 


HDRSS Recorder 
Electronics #2 


Taps Transport and 

Can Aaseablv #1 


Tape Transport and 
Can Assenblv #2 


o Peve r 


Batterv ?iod»-le 
Asserr^blv •] 


Batterv Jtedule 
Assetrblv «2 


Batterv Nodule 

Assersb ]'■ 


Batterv Nodule 
Assemblv *4 


Batterv Nodule 
Asseablv ^5 


Batterv Nodule 
Afseinbly #6 


Batterv Nodule 
Asse?5blv 


Batterv N'>dule 

Asserbl. <6 


o Spac ecraf t 


o miscellaneous 

Structure 4 Themal 
Control 


o Corn* ur, 1 ca i ions 
and Data 


Leaerd 


O 


T ' 

mmt 


Tine of Occurrence 
(Moura fron Uunch) 
IW 1000 



100000 


i 


— T — T — r — 11 — j 

* j***~*~"t~**"~TT*****l 


Detifr Life: 
8.760 l.oura 
(1 Years 


m 

! 

•o; 




Tine of 
Occurrenws 
l*nknovn 


— — » i A 


End of Data: 

B2« SJ9 hours . en j 
report stud- peri 
BlMBl Is s : 1 1 ; 
oper at In^ 


Indicates that this anonal 
conponent unusable. 


^ indicates that tbit anonal> 


it a failure, w'.ere failure is defined as the event that renders t h» luhsvster and rr 
is not a fai lure 


V NDRS5 • High Data Rate Storape Svtte- 


O'ln 



PAGE IS 
OF POOR gUALITy 


FOrOKMANCE SUmAKY FOft 
(Continued) 


Subiytten and 

Ano— loua Conponent Cf ) Launch 


Tina of Occurranca 
(■our* from Uaich) 
100 1000 

I I 


TIm of 
Occurranca 
UnknoN*n 


o t$MF- 


o tPM- Eicparinant 

o High Raaolution 
Infrarad Radiation 
Soundar 

o 

o Praasure Modulated 
tadionater 

o Scanning Microwava 
Spactronatar 

o tVERLE-^ 

c Vartatila 

Information Procaaaor 

o TH1 i4^ 

ThIR RadioaiataT 

Asaanbl V 

c Titflng and Data 
Ralas Exparinant 

6 

o DSAf- 

Sanscr-X Cantar 












U— — 4^ 




Dafign Ufa; 
8, '60 hour! 
(1 Year) 


End of Data: 

6:. 539 h-urf; anj 
raport at jdv r : 

oparat InjC 


O indicit.. th.t thl. .noMlv U • follur., wh.r* follur. li d.flntd ■> th. »v.nt th.t -.nd.r» ihr lubr- .trir .ri 
cc* '-onant unuaabla. 

Zi in(Jioata« that thla anonalv la nM a failure. 


1' • Elect r 1 call V Scanned Microwave Radlonatar. 

2 ER9 • Earth Radiation Budget 
*3 LR:h • Limb Radiance Invaraion Radiometer. 

Z r*ERLI • Tropical Wind* Enarg\ , Conaarvttlon and Rafaranca Laval Exparlnant . 
5' TKIR • Tamparatura/Humlditv Infrarad Radlonatar. 

6 DSA« ■ Digital Solar Atpari Sanaor. 



SubtyttM and 
Apoaalom Co«pot>ant(a) 

•atlc SMCtcraft: 

o Atcituda Control 

Pnounatlcs 

Loft Solar Array 
Prlvo 

0 CooMnd /Clock 

0 CooBond and Data 
Intorfaca Unit 

c riifht Data Handlini 
Equlpnont 

Tapa lacordar A 

Tapt Aacordar S 

Tap* Rtcordar C 

0 Varaatllt Infornatlon 
Frocatftor 

w> fovar 

Solar Arrav 

iattary Modula #l 

Sattary Hodula 12 

Iattary Modula #3 

Iattary Hodula 

lattarv Modula 

Iattary Modula 9b 

Iattary Hodula 97 

lattarv Module #1 

o Tharnal Control 

0 Structura 

fayload : 

0 Digital Solar Aapact 
Sanacr 

? Stratoaphari: Aaroaol 
Maaturanant 11 
lapar Inani 

0 Stratotphar Ir and 
Mafoapharlc Soundar 


fUlFOKHAIICE SINtASY FOR NlNiUS-7 
Tina of Occurranca 


ORIGINAL PAGE IS 
OF POOR QUALITY 



Tina of 
Occurranca 
Unknown 


A 

A 


A 

A 


)3(000 hour ft « 
and of raport atud\ 
parlod-KlMl.r-7 1ft 
atlll oparat tnf 


Lagtnd 


tndirataft that thla anoawly U a failura. whara failure tft daflnad a* iha avert that rtndara tha ftuh«\»(ar and or 
cooponant unuaahla 

^ Indicaiaft (hat thla anooalv la not a failure 
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OPio'NP.i: p//., 

ratraBUMCE simimy tou nuovs-? Of r’OOR yUALIff 

(Coatisucd) 


Subsystm and 
daoMaloua C oMoatat (a) 

(?ayload» coatiauad) 

o Taaparatura/Bualdlty 

lafrarad ladloMtar 

o Earth Eadlation 

ludgtt 

e Scanala^ Multi- 
Chaanal Mlcrovava 
ladioaatar 

o Coastal Zoac 
Color Scanacr 

o Llab Infrarad 
Monitoring of tha 
Stratotphara 

o Solar Backacattar 
Ultraviolat /Total 
Ozona Mapping 
Spactroaatar 


Tlaa of Occurranca 



Tlaa of 
Occurranca 
Unknown 


AA 

AAA 

A 

A 


33,000 hours; 
and of rapcrt siudv 
period — NlKBVS-7 is 
atill operacing. 


Legend : 

C)lt,au»ttt th,< thU .nom.ly 1* . (.llur., «h,r. (.llur. 1. d.fln.d th. ,v,M th.t r#i.d«r. th. .ub«y.t. .neer 
coapontnt unusable . 

A Indict,* th,t thl* ,no»»ly i* nM « (illur*. 
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tu^syatra md 

Ano— loui CcMDootnt (•) Launch 

iatlc S^acacrafc: 

0 CovMnd 

o Fovar 

0 CoaBLinlcationa 
o Structura 
0 Tbanal Control 
o Vahicla X>ynanlca 
Payload: 

0 Friaary Sanaor 

#1 

VHlUl «2 

vtffI^ 

SR^^Pl 
SR #2 

SR Racordar #1 

SR Racordar #2 

SR Racordar #3 

Solar Proton 
Hrnltor 


FERPOIHAMCE SUMUFY FOK IKMA-4 


Ttoa of Occurranca 
(Houra froa Launch) 

»66 I55T 


ORIGINAL PAGE IS 
OF POOR QUALITY 


I55RT 



T55000 


Tlaa of 
Occurranca 
Unknown 


Oaalgn Life: • 
17.S20 hours 5 
(2 Yaars) t 


Lnd of Data: 

35,720 ^ours; 

NOAA-- daactivatad. 


laiand : 

^^indlcatas that this anomalv 
consonant unusabla. 

indicatas that this anoaaly 


Is a failura, whara fa^lura la daflnad as tha avant chat 
is not a failura . 


randars tha subsystar and/or 


1/ 

. / 


VRRR - Varv High Rasolution Radlonalar. 

\TpH • Vartical Tanparatura Profila Radioaatar. 
SP • Scanning Radloaacar. 
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Sub«y«t*B and 
Alto— lou» Co«oontnt(a) 

Basic Spacacraft: 

o Coa— nd 

o Fevar 

e Co— unicat Iona 

o Structure 

e Tliar— 1 Control 

o Vahlcle Dynaatlca 

Ho— nt— Control 
Coll #1 

Mo— ntu» Control 
Coll #2 

Fay load : 

o Fri— ry Sanaor 
VHRR^^ #1 
VHRF #2 
VTFR^^ #I 
VTFR #2 
#1 

SR #2 

SR Racordar #1 

SR Racordar 12 

SR Racordar #3 

Digital Data 
Frocaaaor fl 

Digital Data 
Frocaaaor #2 

VKRR Racordar 


Lau 


FBBFOIMANCC SIMURY FOR NOAA-5 

Tl— of Occurranca 
CHoura froa Launch) 


ORIGINAL PAC2 IS 
OF POOR QUALITY 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 : : 

1 i Li 

r r 


T : 1 


• 

: • • 

i 


" -*tt: 





I 

a^a 


T 

i 

I 

-H- 


TSoooo 


Tlat of 
Occurrence 
Unknown 


Daaign Ufa: 
17,320 houra 
(2 Years) 


II 


jEnd of Data: 

1 22 ,100 houra; 

•NOAA-5 aisaion i tr-inatei 
after 17 addltl months 
of United oper^.icn. 


Legend : 


^^Indlcataa that thla ano— ly la a failure, where failure la defined aa the event that 
coaponent unusable. 

^ indicates that thla ano— ly is ^ a failure. 


renders the auOfivatem and/or 



VHW • Very High Resolution Radiometer. 

VTFR • Vertical Tenperature Profile Radio— ter. 
SR • Scanning Radio— ter. 
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PEUOIMAMCE SOMtAST PM KMA-6 


ORIGINAL PAGE IS 


SubsystM and 
Aaoaalout Coapontnt(t) 

Baalc Spacacraft: 

o Attltuda Datarmlna- 
tion and Control 

Inertial 

Naaiuraaent Unit 

Solar Array Drive 
Electronics 

o Power 

o Reaction Control 

Sydrasine Systca 

Caseous Nitrogen 
Systes 

o Apogee Boost Hotor-^ 

c Coonand A Control 

Central Processing 
Unit #1 

Central Processing 
Unit 02 

o Data Handling Systex 

Dual TIROS 

Information 

Processor 

Digital Tape 
Recorder #1 

Digital Tape 
Recorder #2 

Digital Tape 
Recorder #3 

Digital Tape 
Recorder *4 

Digital Tape 
Recorder #5 

0 Communications 

0 Structure 

o Thermal Control 



Still operating. 

letend ; 

•• *•“ «-/or 

^ indicates that this anosMly is not a failure. 


P The apogeT boost motor is a one-shot device and has a norsMl lifetime of 24 hours. 
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PBMaUIICB COtUkT Nt rtOAA-* 
(CeotlaiMd) 


0BK3INM. * 

OF POOR QUAuTf 


TiM of Occurrooct Tlat of 



Lottnd: 


O indic.ttt th.t thl. .noMly 1. • Ullur,. «lMr* f.llur. It dtflntd tt tht tvtnt thtt ttndtrt th. tubtytt« tnd/ot 
cooponont unuMblt. 

A Indictttt that thlt anoMly It oot a fallurt. 
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mfOlHAIlCE SUMUKY FOR II04A*7 


ORIGINAL PAGE IS 
OF POOR QUALITY 


«b4 

lom C q«R om «tU) 


Launch 


TiM of Oceurrooco 


Basic tfscocrsft: 

o AtcitMlo Dotormlos* 
tion and Control 

Barth Sonaor 

Aaosably 

Solar Array 
Drlva Elaccroolcs 

o Power 

o Baactlon Control 

Caseous Bltroaen 
Systen 

o Apo|ee Boost Hotor^^ 

o CoOMand and Control 

o Dsts Handling 

Duel TIROS 

Infomation 

Processor 

Digitsl T«pc 
Recorder #1 

Digitsl Tape 
Recorder #2 

Digitsl Tape 
Recorder #3 

Digitsl Tape 
Recorder 

Digitsl Tape 
Recorder 

0 CosBunications 
o Structure 
o Thermal Control 
Payload : 

o Advanced Very High 
Resolution Radioneter 

0 Stratospheric 
Sounding Unit 

o Microwave Sounding 
Unit 



TIm of 
Occurrence 
Unknown 


End of Data: 

8.928 hours, 
end of report siu'Jv 
per iod— ^’OAA- 7 is 
still operating:. 


i 


Design Life: 
• 17.S20 hour si 
! (2 Years) 


Legend: 


O indict.. th.t thl. U . l.ll«r.. ..U-* i* *•" 

cosiponent unusable. 

A indicates that this enoisaly is not a fsllure. 


\1 tpo„i \oc»t T>olOT - i n on.-.hot d.vlc. .nd h.. . norwl llUtl^ of J. hour.. 
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ORIGINAL PAGE 1$ 
nMroKustct stMiaY for sm OF POOR QUALITY 


Subvystca «nd 

Cowponcnt (>) 

Bftslc 

e Attitude Control 
SttbsyetM (ACS) 

ACS Module 
Inertlel lefcrcoce 
Italt 

Mognctlc 
Torquer #1 

Hnsnetic 
Torquer #2 

Magnetic 

Torquer #3 

Magnetic 
Torquer #4 

Magnetic 
Torquer #5 

Magnetic 

Torquer #6 

Reaction Wheel 
Aaaeably — Pitch 
Wheel 

Reaction Wheel 
Aaaeinblv — Yaw 
Wheel 

Reaction Wheel 
Aiaembly — Roll 
Wheel 

Reaction Wheel 
Aaaenb 1 v Saewe C 
Wheel 

Attitude Control 
Electronics 

rpss^^ 
ms 92 
ms #3 

0 Pover 

Power !k>dule 
c RF Syrteff 


Tlae of Occurrence 



Tlae of 
Occurrence 
Unknown 


Legend : 

indlcatee that thia anaewly la a failure, 
ceu^onent unuaable. 


Inhere iallure la defined aa the event that 


render a the auhavaier and/rr 


indicate* that 


thia enoualy la not a failure. 


1 / fP55 • fine Pointing Sun Senaora 



PDtFo«tui»c£ satuKv m sm 

(CoBtittttcd) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


r* 


f 



t 


sad 

Cqoaonaot (•) 

(B«»lc Spacacrafi. 
coatlauad) 

o CoMand 4 Data 
■aadllBt Hodula 

Spacacraft 

Clock #1 

STACC Spacacraft 
clock #2 


OK Iteaorv 
Hodula «1 ' #4 

Talamatr^ Tape 
Raccrdar dl 

Talawatry Tape 
Raccrdar #2 

HAO^^ Tapa 
Raccrdar 

c Tharaal Ccnircl 

c Siructura 

Pavlcad 

c Ccrcnagraph/ 

P.'^lar tartar 

c lltraviclrt 
Spre tr carter . 

Ft iar larirr 

c Sclt K-Rav 
Pel vchrcaatcr 

o Hard X-Rj'- laagiTip 
Spat iToar tar 

c Hard X-R«' Rurat 
Spre iroaatar 

c Ac : iva Cavit N 
Rac icarirr 


Tiaa oi Occurranca 



Tl»r cf 
Occurranca 
Imkncam 


AAA 

AAA 


Induata* that iM» anomaly 
coarponrni unuaablr 


A indicaia* that thia anomalx 


la a failura. wharr failure 
la net a f al lure 


it uaflnad aa iha avani 


that 


randrra tha aubavata- and t 


T~ STAfc”^ Standard Talamrtr\ and Coaaaand 
1 OK • On - Roar d C caput rr 

) MAO • Ml»» Altltud* Obaarvaterv 






ORIGINAL PAGE IS 
OF POOR QUALITY 


mrotHAiKrc smuky shs-2 


Ano— lom Co«»oo#»t 

••sic tpfcfft: 

o AttltuAc D«t«r«lM' 
Item 4 Aattfiu 
Control 

o Auzlllory Propulsion 
Tl^rustort 

o Apofoo Boost Hotorl/ 
e Fowor 

Solsr Array 
istttry 

o Tsionstry 4 Coonond 
c CooMinicstlons 
S-Bsnd 

Irsnsnltcsr ri 
S-Bsnd 

Trsnscittcr 92 

S-isnd 
Bscsiv#*r #1 

S-lsnd 

Bscslvsr 92 

ntr Trsnsnltttr 9l 

IHT Trsnsnittsr *2 

VhT Receiver *1 

l*HF Receiver ^2 

c USSR*' Digital 
Mul t ip lexer 

Pa -load : 

r V1S5R 

r Spc.e tnvironnent 
Mr-itcrmi Syaien 

Hagnetic field Moni 


tias of Occurronco Tias of 



period— SMf-. .• rn 


stsndbv status. 


Ugend : 


O «h*« ‘hi* •"OMI* u • <«nu»». ¥*>«r# U <#fln.d i( th« ♦»•»! that ra*4art tha aukarata*' and rr 

conponent unusable 


^ indlrates that this anomaly la r^ a failure 


1/ The apogee boost motor Is a one-shn device and has a normal lifetime of 2s hours. 
2/ VISSP • Visable Infrared Bpln Scan Badiometet 


243 


>c> > > > 


mrotMANCE SOMAltY POt TItOS-ll 





SisbpytCM sad 
lout C oaa u nfit (>) 


Launch 




Tint of Occurronco 
(liouf fron Lounch> 

ui5 “ nS5c' 


ORIGINAL PAGE It 
OF POOR QUALITY 


T555T 


155000 


Tta* of 
Occurronco 
Unlmown 






5 


> lO 


mrowuMCE ron scasat 


SiaktyttM Ami 

Attomlo^ C— Bii#»t(») 

iMic SMCtcrsft: 

o Attltu4« Control 

Infrorod Merliofi 
icofifior 

o Orkli Adjust 
^opultlon 

© ^oiior 

Slip Sing Srooh 
Aootnblv 

o A«c«nt Culdonc© 

o Thormol Control 

o T©l©co«punU«tions 

S- i«nd 
Tronopond«r 

lap* Saicrd©i #1 

Tapr RacorJat 

Nourakaaping 
T a 1 am# t r v 

f %\ load 

«' Radar Al t ar 

at (ar.^^at ar 

1 ' ^»anrun^• Mull l- 

; Mur«.^a\a 
Ra J i .'!• f : » { 

• '‘'nthati. Apartura 

Radar 

IK'vn 1 ink 
1 1 an*»* 1 1 lai 

‘ \ 1« IMa k Inf tarad 
Rad U'mat at 


Tina of Occurronca 


Launch 10 


(W»yTt Urn L«uiifh) 

too 1000 



ORIGINAL PACE L*. 

OS POOR quality,,^ 

- Occwrrasc* 

10000 IQOOOO Ui.hi»o>m 




! 

j 


i 


i 


I'aaiir- Ufa 
!».'©( h.'ur % 
n \rar ' 


L aaanJ 


IndKitaa that thia anoivtalv 
ponant uriuaaMa 


la a falU a, whara failura la daflnad at the avant that randara iha aubavatr- a-. i 


induataa that tMa an.'»alv la a failurr 



rnnMuwici 




TIM of 

(Mutt ItM LlS>l>C>»i 


ORIGINAL PACE (3 
OF POOR quality 


W»l< 

c Attltu^* CoMtol 
o Powt 

Wtievv fl 


kO 


100 


kOOO 


kOOOO 


kOOOOO 


cf 

Otvwrrtntf# 

Vnknv^vn 


c Cc«H rv«i* 

lUiHlk \nK 


T«r* A#< 0 T 4 #f • k 

T*r* (X»ct't 4 *i 
i \^«r*unic«t 

Cont » 


St t ut t vit • 




I ; ' w 1 1 T «'n 
Sv». 1 1 .'•«»#»»» 





4* 


LaMMM^aaiavM" • 


I 



^ — ii 


Inti !>««• 

10 J V ht'VM • , 
»IHI of 
ttuJx 

SHI 1 » ftttU 
I'r* rat trT|k 


IVtljr 1 »r 
1 ‘ , • 
1 ,' > ♦ a ^ ' 


o ir*‘t .ata* thiit t^l* atr»''raa • ' 

» ,M y.' '* *' t \imj«aV a 


t* a faUv»tt. whatr lalU»r* 


\* a* •'•t>t 


that tamUt. tbf atib*v*ta 


ar*. 


A tbtl «M* •"•••'' •• Ei_' • 


2 


ORIGINAL PAGE IS 
OF POOR QUALITY 


mrOMAJICt tWHARY TO miM QMlTn 1 


•wbtyatM «ad 
Arc— C») 

Basic SBscacraft: 

e Atfltiida CoQCrol 

Caaopas Trackar 

o CaaBUBlcatioa* 

B-iand Radio 
Aaaaably Racaivar 

S-^Band Radio 
Aaaaably TWT Aa^a 

1-Baod Tranaaictar 

0 Articulation Control 

Bigh Cain Aatanna 
Actuators 


Cont Actuators 

o Coaputtr/ConMsnd 

Ganarsl Purpoaa 
Coaputar with 
Platad Wirt 
Naaory 

nuht Data 
0 Data Storagt 
c Powtr 

Solar fanals 
30 Vdc 

Convarttr #l 
30 Vdc 

Ccnvariar #2 

o PvTotachnlc 

c Taaparatura Control 

o Propulsion 

Prtssurt Control 
Assaably 

Props llant Tank 

Assaably 



Tlaa of 
Occarraaca 
Patoown 


A 


AAA 

A 

A 

A 


Daalgn Lift: 
ll.Ogg hour a 
(13 Noatha) 


Bnd of l>ata: 
42.934 hours; 
Viking Orbltar 1 
daactlvatad. 


Laaand : 


Indicataa that this anomaly la a fallurt. 
c omponant unusab 1 a . 


alttrt fallura la daflnad as tha awant that randara tha auhaystaa and/or 


A Indlcataa that this anoaaly la act a fallura. 




mramMce soMiat rot mitc ottint i 

(CoaClaiMd) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


ivbsyttcs and 
aloua C oBp nii ant (a) 


e Visual lust ins 
Systau 

o Mara Atwspharic 
Wacar Datactor 

o Infrarad Tbanal 
Happar 


Tiat of Occurranca 
ra froa Laun^ 




RMMB^ 


Tlat of 
Occurranca 


AAA 


Oaaign Lifa: 
11. OM hours 
(15 NDotha) 


End of Data: 
42.936 hours; 
Vlklnf Orbitar I 
daactivatsd. 


O indict.. th.t thl. .ooMly 1. . f.llur., vh.r. f.llur. 1. d«fln.d .. th. ty«.t th.t r««d.r. th. .ub.y.t*. .nd/or 
conponant uoussbla. 

A Indict*, th.t thl* *noa*ly 1. not a failure. 
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hAajmtm a&d 
aloua C tmcm M t (i) 


t-tand 

TrattspoBd«r #l 
S-Bud 

Transponder 12 

■Igh Cain Aatanna. 

S-Band 


Bata Acquialtlon 
and frocasting 
Unit 

Tap# lacordar 


BTO^^ #1 


PBBraMAIKB SttBUBT fOB mUC 


Tiaa of Occurrtnca 
(ioara fro^ Uoncbl 




original mi » 

0f POOR QUALITY 


n 


TtM of 
Occwrranca 
Onkncap 


Valva Driv* 
iteplifiar 

o Guidance 

o Dacalaratlon 

Deorbit 

Propellant Tank 

o Surface Sanplcr 
Inatrunant 

Payload: 

o Lander Caaeraa 

o Lander Biology 
Inatrunants 

o Caa Chronatograph 
Haaa Spactrowrter 

o Meteorology 

Inetrunent Syeteo 

o I-tey Pluoreacence 
S^ctroneter 




Daelgn Life: I 

U.0B9 hour a * 
(!:> Hootha) 


\ End of Data; 

I 63.116 houra; 
* nf r«Borc 


and of report 
study perlod--Vlking 
Lander 1 ie still 
oparating. 


O >"<><*<•* **••« «*>•« »• <•»»"•<> •• tl** ‘h»‘ »•«<•«• »h« •xb.y.t*. Md/Ot 

conponent unusable. 

^ Indicates that this anonaly la a failure. 


imoelectrlc Generator. 
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SubsystM and 

C<»Of>antrp) Uuach 

(Fayload. cootlnuad) j 


o Upper Atttotpher* 
SpectroMter 

o Retardiiif Potenclj] 
AapUfler 


«*K>*H«CE SmuRY FOR VIKIRG LMDEX 1 
(Coat imied ) 

of Occurrenct 

fro. LfufTN 

100 Toon ■ 


-i-. I ■■ 



original pagu' is 

OF POOR QUALITY 


Tim of 
Occurrence 
Unkno%m 


l>«slin Life: 
11,099 Koure 
(15 Months) 


S End of l>ets : 
i 63,816 hours; 
end of report 
study period— Viking 
Lender 1 is still 
operating. 


C3 Indicates that this anonalv 

component unusable. * Iwre, where failure is 

A Indict*, th.t thl. anouly U ^ a failure. 


defined at the event that render, the aubay.t. 
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SttbaystM and 
too— loua C o«ioaa n t(s) 

•ooic tMcocroft: 

e Attltiftdo Control 

loot t too Control 

Aaoomtiiy 

On epua Trackar 

o CooBualcationa 

S*Band Radio 
Aaootoly 
lactlaor #1 

S*Ran^ Radio 

Aaaaobly 
Eacaivar #2 

Inland Trananlttar 

S/R-land Antanna 
Subayatar— HlRh 
ualn Antanna 

Orbltar Ralay 
Syatan— Ralay 

Radio Subayatan 

Orbltar Ralay 
Syaia»-*Ralay 
Talaoatry 
Subeyatan 

o Articulation Control 
o Cooputar Coo—nd 
c Flight Data 
o Structura 
o Fowar 

Solar Panala 
30 Bdc Ccnvartar 
400 Mr Invartar 
c Pyrotachnlc 
o Taop*tatura Control 
o Propulaion 

Fraaaurant Control 

Aaaaobly 

o Cabling 


Launch 


mratNARCE SIMIART FOR VXKIRC OUim 2 

Ti— of OccurroBca 
(llwr» itam Uimeh) 


ORIGINAL PAQI It 
OF POOR QUAUTV 


10 


100 


1000 


ToooT 



T50000 


Ttoa of 
Occurranca 


AA 

AA 

A 


A 

AA 


A 

A 


■ad of Data; 

24,934 houra; 

Viking Orbltar II uaa 
ahutdown dua to 
Raplacion of gaa. 


Lagand ; 

indlcataa that thia ano— ly la a fallura, whara failura la daflnad aa lha avant that randara tha aubayatan and/or 
co—onant uauaabla. 

^ Indlcataa that thia anonaly la pot a fallura. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


m ruuK; ounoi 


Sub«y»uw «Bd 

immmlou* C— at (>) 


(BmIc Sp*c*cr«ft. 
caMti— rt) 


o a«t* Storage 

Tape 

■acordcT A 

MsitAl Tape 
lacerAez B 

Fey load : 

o Vlauel Taetlnt 
System 

o Hers Atmospheric 
Water Detector 

o Infrared Thermal 
Mspper 


Tlae of Ocemrramee 

Cemrs fraa Taimrh) 

lauach iO 100 I500 10000 
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D 

1 

( 

esign Life: 
1,086 tours 
13 Months) 


Tlw of 
Occurrence 


AA 

A 

A 

AAAA 


End of Xkste 
24.93t hours; 

Viking Orblter II was 
shutdown due tc 
depiction of gat. 


Legend : 

Indlcatea that this anaaaly la a failure, vherc failure la defined as the event that renders the subsystem and cr 

component unusable 


^ indicates that this anomaly 


is not a failure. 














iCmtimmU) 


original page is 

OF POOR QUALiTY 


Ttet •! OccMrrMC* 




TiM •t 
OcciirrMic* 


CBmU 


fuflomi. 

• ri«Mt«ry lA4io 
A0cr«M«sr 

O riASM 


e CoMlc Uy 

o Uw tMfty €tert*4 

ParticU 


iMflnt &ci«ttcc 

PhotofoUrlMt«r 


o l]ltr«viol«t 
Sp«ctroMt«r 

o Ufr«r«4 lat«rf crowttr 
Ipactrowtar aad 
RadloMtar 




Davlfn Lifa: 
H,2$0 hourt 
O Ya«r») 


lad of Data: 

43. «W hour*. 
Voyagar I la at 111 
oparat Ing. 


^^indlcataa that thU anoaaly la a fallura. t4iar# fallura la 
coat'onant aauaabla 

Aindicataa that thla anovaly la aot a fallura 


daflnad aa tha aoaai that randara lha 




SybsystM mud 

imomlout C o— (imn t (•) 

(Basic tracacraft, 
caatlnuaB) 

o Fyrotachaic 

Frro lirltchiag 
nait #1 

Byro IvUchlag 
Bait 02 

o Taaaaratura Coacrol 

o Scnictura 

Scao Platform 

o Nacliaalcal Dtvlcas 

Icitnca Boom 
DaploirtMnt 

o Propulaloo Hodula 

Payload: 

o Planetary Radio 
Astronomy 


0 MagnatoMter 
o Coaale Ray 

Elactronlcft 

Packai# 


o Lev Enariy Charged 
Part Ic le 

Clactronica 

Packa|c 


raPOBNABCE BMABT fOB ROTAfin 2 
(CootiDuaA) 


Tiaa of Occurraaca 
CBogra from l>auachl 


ORfGiWAL PAG'* ^ ■ 
OF POOR QUALliY 



•44 


o laaginf Science 

o PhotopolarlMter 

Electronic* 

o Ultraviolet 
Spectrometer 

0 Infrared Interferometer 
Spectrometer and 

Radiometer 


i L.,^ — 4- 





Deeign Ufa: t S lad of Data: 

2A»2BO hours { | 4A.2RA hours 

(3 Yaara) Voyaier 2 is still 

operatln|. 


Uaend : 

indicates that this 


anomaly la a failure » mhere failure is defined aa the avent that renders the auhsystem and/or 


ent unusable. 


^ Indicates that this anomaly la not a failure. 
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APPENDIX C-2 


SUBSYSTEMS 


PRECEDING EAGE BLANK NOT FILMED 
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TIHING, COIfTIlOL AliD COIMAM) SUBSYSTEM 
SICBIFICAirr ANOMALIES AND PEBPOBNANCE SlM 
(Cone luded) 
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TCLKNrrVT AND DA 
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WWBI SUBSTSTCM 

sianricAirr anonai.iks and pwpohmance suwcaries 

(Cont ImieH) 
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sicairiCAirr amomlies and mmmuKt snnaiis 

(Concludad) 
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ATTiTwe coirnioi. am) stabilization subststch 

KnUFICANT ANOMALIES AND PERFORHANCK StNtlARlI 
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ATTITUDE COmnWL wo STASILUATIOW SUlStSTWI 
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(Cont lnu#d) 







ATTITUDE COHTtOL AND STABILIZATION SUISYSTW 
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IihFIc. 
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